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January 18^/i, 1869. 

INAUGURAL ADDRESS. 

By F. W. Bryant, President. 

In taking my place for the first time as President of this 
Society, I thank you for the honour yoii have conferred on me 
in electing me to that office, an honour which I greatly esteem, 
and hope, with the assistance of the Council, and the co-opera- 
tion of the members generally, that I shall be enabled to carry 
out my duties to the satisfaction of all, and the advancement of 
the Society. It is now more than ten years since I joined this 
Society, and I have much to thank it for in enabling me to 
glean a great amount of information in the various branches of 
the engineering profession, which I could not have obtained by 
my own practice alone. Therefore I consider a Society like 
this is of great value to a young engineer, and in many cases to 
those who are seniors in the profession. If a member attends 
regularly at our meetings, as he ought if he possibly can, I do 
not believe there is any paper read, or lecture given, from which 
he may not obtain some advantage, either from the paper itself, 
or by its causing him to think on the subject on which the 
paper is written. Then there are our visits of inspection to the 
important works in and around London, which, I trust, may be 
extended to more distant localities, as occasion affords. These 
visits, excellent in purpose and effect, are most valuable to all 
the members who attend on those occasions ; for it is not only 
from his own observations, but from the remarks of, and dis- 
cussions with, those present at the time on the works actually in 
progress, that he who seeks to learn has every opportunity oiF so 
doing. One of our older institutions, which holds periodical 
meetings at the large manufacturing towns, is an instance of 
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the atlvantage of those visits, as there is no doubt that the large 
increase of its members is mainly due to tbis arrangement. I 
have much pleasure in remarkiug the kindness and courtesy 
with which this Society has always been received at the various 
works it has visited from time to time. I am happy to say 1 
can congratulate you on the general advancement of the Society, 
Ixith in numbers and position. When I first joined the Society 
we numbered but a hundred and twenty-seven, and now the 
number of its members and associates is quadrupled. 

We have, as honorary members, many of those who rank 
amongst the highest scientific men in the world ; and as regards 
the members and associates of our Society, we have representa- 
tives of every branch of the engineering profession. There is 
scarcely any part of the world where engineering works are 
being carried out^ where there ai'e not some of them to be found, 
working either as principals or assistants. 

It is trne that since the last financial panic there has been 
considerable depression in our profession, owing to the want of 
confidence engendered by over-speculation; but that cannot 
certainly be the fault of engineers. Doubtless it is the duty of 
an engineer to cany out works as economically as possible; 
but there is another duty of which he should be most careful, 
and that is not to under-estimate the value of any work, as that 
will inevitably lead to confusion. 

Difficulties occur both at home and abroad, which one could 
scarcely expect to have been foreseen ; for after all an engineer 
is but a human being, though sometimes it seems as if he were 
expected to see beyond " mortal ken." I hope and believe that 
this depression will be gradually removed, and that we shall see 
engineering improvements increasing here and abroad, to the 
advancement of our profession and the benefit of mankind. I 
say to the benefit of mankind ; for is it not to the drainage 
engineer that we owe the liealth of towns and agricultural im- 
provements ; to the railway engineer quick transit, the removal of 
goods, and the opening up and civilisation of whole districts ; to 
the dock and harbour engineer the safety of the Navies of tlie 
world, and so to all the branches of our profession, which tend 
directly or indirectly to the good of mankind in general ? 

Although there has been this depression, and men say "there 
is nothing more to be done in England," surely this must be 
wrong. Are all our towns properly drained? all our rivers 
bridged overl all the docks, liaiNaours, piers, and lighthouses, 
defences of shores (much wanted in many places), all water 
supplies and irrigations completed! all connecting lines of rail- 
ways made? Are even the existing main lines perfect? Recent 
accidents lead us to think that it will be necessaiy to have 
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separate lines for passenger and goods traffic — ^in fact, some 
engineers are taking steps to secure the necessary ground. Is 
the utilisation of sewage properly effected ? Surely, then, with 
the return of public confidence in properly matured schemes, we 
may hope that the engineers of Great Britain may find that 
there is yet something to be done in their native country. 

In and around Londo]^ of late years there have been many 
great and remarkable works executed, some not yet corapleteci, 
and I can scarcely imagine a better school for engineers, if they 
have properly studied the different important engineering opera- 
tions that have been carried out. ifany of tnese works will 
mark the present era of engineering for generations to come. 
Take, for instance, that grand work the Thames Embankment, 
although not yet completed, the portion now opened shows the 
great improvement it will be to London. I hope to see it extended 
on both sides of the river, so that the improvemeiuk may be made 
complete in the metropolitan district. 'J he main drainage works 
are in full progress, and in a comparatively short time we shall 
doubtless have London perfectly drained, and, as a natural 
result of this, the health of the inhabitants benefitted. The 
Kiver Thames has decidedly improved in purity during the last 
few years, as I have had good opportunity of knowing. Various 
kinds of fish, from the dace to the porpoise, certainly made their 
appearance during last summer in the neighbourhood of Black- 
friars Bridge. Then we have the Metropolitan Outer and Inner 
Circle Railway; although not quite completed, yet the work 
already done is sufficient to command the admiration of all 
observers, professional or non-professional. 

Such a varied practice cannot have occurred in any other rail- 
way I know of, and it is, I think, a good example, showing that, 
whatever difficulties arise in the construction of works, they can 
be successfully met by a good engineer. Then there is the 
East London Kailway in course of construction, which will no 
doubt be of great service for public traffic when completed ; also 
other small branches, which are of importance to the main lines 
they belong to, and all tending to complete the Railway System. 
We have also had new docks — I allude to the Millwall Docks — 
opened during^ the last yeai', and improvements and enlarge- 
ments at the W est India Docks, which will no doubt be appre- 
ciated by the mercantile communities of London, and I may say 
of the world. Good dock accommodation is a great desideratum, 
though sadly neglected in places where it is greatly needed. 
There are many places on the coasts of England where good 
docks would be of great value and convenience, and I hope to 
live to see many positions naturally formed for harbours and 
docks taken advantage of for their construction. The bridge 
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over the Thames at Blackfriars has made ^ood progi-esa during 
thfs last year, and I expect to see it open for piiblic traiBc about 
the middle of this year. This will also be a great metropolitan ^ 
improvement- The Holbom Valley Viaduct will be of great ' 
utility, and is also progi-essing rapidly towards completion. 
There ia an improvement very much wanted in London, and 
that is a footway bridge crossing over oui* principal thorough- 
fai'es ; and in places like Regent-cii-cus or the bottom of Fleet- 
street a four-way bridge is very desirable. I see no reason 
why they should not bo tried. A light iron structure might 
be erected at a trifling cost, and it woiud very soon be proved if 
it were of practical use. Engineering work in Great Britain has 
generally oeen very slack during the last year. It has had 
many things to diminish its chance of prosperity. The Abys- 
sinian war, the unsettled state of, and revolution in, Spain, and 
the doubtful position of politics with regard to war iu Europe, 
all tended to the stagnation of work. For the prosperity of 
civil engineering peace is absolutely necessary, and I hope and 
think we may look forward to it with confidence. 

The general election, without doubt, materially interfered with. 
engineering establishments all over the kingdom. I think, how- 
ever, I may congratulate you on the fact, that the prospect of 
an increase of work is decidedly brightening in the iron districts, 
which is a good criterion for our profession generally, although 
report states that Belgian houses nave an immense amount of 
work in hand. The hon Trade Review of December 23, 1868, 
states that they "have now secured, or are in treaty for, con- 
tracts to the extent of something like 90,000 tons of rails;" and 
further on it remarks : " We may ask, what English firms durst 
venture to take conti'acts for such a period in advance in the 
present state of the market, in consequence of the constant 
insecurity from a movement on the part of workmen for advanced 
wages; and experience has shown tliat this is almost sure to be/ 
their tactics whenever they know that employers have heavj( 
contracts on hand." This, 1 am soiTy to say, I believe to be thd 
case. Every man has a right to obtain as much as he can for 
his labour ; but it is unfair, after a master has taken a contract, 
for workmen to demand a rise of wages before the completion 
of that contract, and it is much to be regretted that workmen 
should do so, as in many cases it prevents the ironmasters of 
England from taking work. It is a difficult question, but one 
of great importance, to institute a proper system of arbitration 
between men and masters ; and whoever could ai'i-ange a good 
method of effect' would he rendering his country a great 

service. The > manufactiu'ed u-on into France has 

decreased by s' jns in 1868 from that in the preceding 
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year, still I perceive a great probability that tlie decrease will be 
altered to an increase during this year. I am glad to find, also, 
from public reports that our exports of iron to America are 
decidedly on the increase ; and from the friendly relations now 
existing between the two countries, and also from the low state 
of stocks of iron generally, we have every reason to expect that 
our exports will be much larger during the present year, and I 
most sincerely trust that not only mutual improvement of com- 
merce, but of good feeling, will continue between Great Britain 
and America and all other parts of the world. I am certain 
with regard to our nearest neighbours, that the sentiment of 
peace which the Emperor has lately expressed, confirms my idea 
of the probable increase of trade generally. 

While on the subject of iron, I have great pleasure in re- 
marking that we have to welcome a new society lately formed, 
under the title of the Iron and Steel Institute, and I learn that 
in the short space of two months, a hundred and fifty gentlemen 
directly connected with the iron and steel interest have signified 
their intention of joining the new institute. There can be no doubt 
that much good will result from the information they will be able 
to afford our profession. In Great Britain there have not been 
very many engineering works of great interest carried out during 
the last year. The principal amongst those completed is the 
bridge over the Mersey at Runcorn, and the viaduct over the 
Solway. Of those in progress there is a bridge over the Trent 
at Nottingham, which I believe will be a very excellent example 
of its kind when finished. I may also mention the Chatham 
Docks. These works are on an extensive scale, and will no 
doubt be of great value to the service for which they are re- 

Juired. Then there is the new dock at Hull, the Sunderland 
)ocks, and the Tyne improvements. One of the most im- 
portant questions that engineers have before them is that of 
town dramage and irrigation — a subject that has been par 
ticularly brought before us by our late President, who certamly 
has given us the benefit of his considerable practice in that 
branch of civil engineering, and for which we have much to 
thank him. The coldest of the proposed engineering works 
connected with England is that of passing under or over the 
Channel, for which we have three soliemes, i.e., by means of a 
bridge, a tunnel, or a steam ferry. The first of these I do not 
expect to see carried out ; the second I believe to be quite prac- 
ticable, the cost appearing the great objection ; the third seems 
to me the most practicable proposition, and I have no doubt 
would be found of great service to the public. On the Con- 
tinent, during last year, there have been some remarkable 
works completed, and many in progress, and if peace continues. 
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and Spaiii settles down to working instead of fighting, I think 
we may reasonably expect a considerable advance in engineering i 
works in that country, where there is a considerable field for | 
engineering of all kinds ; in Turkey, also (railways more par- I 
ticularly), improvements are much wanted. Then there are the 
Wallachian lines to be completed, and I understand some large 
contracts have lately been taken in that part of the world by 
English contractors. This year, in Russia, there will be heavy rail- 
way works in process, whilst Italy and Sicily will possibly add 
something to the European railway system. The most remark- 
able railway work opened for traffic during the past year is that 
over Mont Cenis, and, in spite of differences of opinion as to 
details in working, it must be considered a great engineering , 
achievement. Its rival, the Mont Oenia tunnel, is gradually | 
progressing towards completion, and when it is done will solve 
the problem of under versus over mountain travelling. Bridge 
engineering has also been represented by some very fine and, in 
some cases, novel structui-es. Perhaps the most novel, and cer- 
tainly one of the finest, is that over the Moldau at Prague, on 
tlie riffid suspensiou principle, which seems to be very sue- ■ 
CBSsful; and I am very pleased to remark that Mr. Ordish, the I 
engineer of the bridge, an old member of this society, and one 
of its past presidents, lias been presented with the gold medal of 
Arts and Sciences of Austria, by the Em|ieror of that country 
on the opening of the briilge, and one of our prizemen (Mr. 
W^essely) with the gold order of merit for the part he has taken 
in the construction of the bridge. 

One of the finest railways bridges in Europe has been con- 
sti'ucted over the Bhine at ICuilemburg, in Holland, which does 

freat credit to its engineer and those who have carried it out. 
ts construction is, doubtless, familiar to yoii all, through the 
medium of the Loudon scientific papers. It is remarkable for , 
its large span of 492 ft. in the clear. Among great European | 
works iu pragress, may be mentioned the docks at Havre, wnich i 
\Wll, I understand, be very fine specimeua of dock work when I 
completed ; the drainage works and canals in Holland, and other ] 
works in progress in Western Europe. 

Let us now travel eastward, and cressing into Africa, we 
- come to one of the grandest works of modern times — the great 
ship canal across the Isthmus of Suez. Ali-eady a small 
schooner, La Levrette, has made a passage by the canal aciiiss 
the isthmus; and I learn on the best authority, that in about 
six months it is probable vessels of the largest size will be able 
to pass through the isthmus from sea to sea. When this is , 
realised, what a great engineering triumph it will be ; perhaps i 
even altering the fortoues of nations. Certainly it will make J 
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a great difference in our Indian trade, but time will soon show ; 
and it is scarcely worth theorising when we shall so shortly 
know what the result will be. In India, again, what a revolu- 
tion engineering is effecting in that vast empire, and what an 
immense amount of work there is yet to be done in every 
branch of our profession ; from what I can learn, there is now a 
great want of engineers in India, preventing works already pro- 
posed being earned out. There are many difficult problems 
in engineering to be solved : one, I may mention, that appears 
to be more than ordinarily so, and which has yet to be overcome. 
I allude to the bridge over the Hooghly, which has taken up the 
attention of many engineers for some time past, without any 
practical result. Still there are works progressing of very great 
extent, in which there are many difficulties, taring the skill of 
the engineers in every way. Take, for instance, the Great 
Indian Peninsular, the Bombay and Baroda, the Great Southern 
of India, and other railways, the dock and harbour works at 
Bombay and other parts of India, the progress of which we have 
reported to us from time to time. 

Telegraphic engineering is extending most rapidly, and ere the 
end of this year we may expect that the French Atlantic cable 
will be laid, forming another link between the old world and 
the new. And I believe that the time is not far distant when 
we shall have communication by telegraph with China and Aus- 
tralia. One seems to suggest the other, as it would doubtless 
be via China that a telegraphic line to Australia would be laid. 
Then there are the North Sea cables, which will be connected 
with an overland cable and carried on to India through Prussia, 
Russia, and Persia. That which more particularly concerns us 
here is that our government will in all probability arrange 
that the Postmaster-General shall have complete command of 
the telegraphs in this kingdom, which will be of great im- 
portance and value to the public in general, and I hope to see 
before long telegraphy as cneap as postage. 

Engineering goes hand in nana with civilisation, and, as we 
have seen, the rapid alteration railways have made in changing 
the aspect of towns and villages in England, and even the 
manners and customs of their inhabitants in many ways, so can 
we imagine the great alterations that will take place in India 
when railways become common and good roads and bridges 
abound in every locality. These alterations will probably extend 
to China, and that curious race, as they become more civilised, 
will be better known to us, and their barbarous customs discon- 
tinued. 

In Australia also engineering is progressing. There are even 
now many large works requisite for the benefit of its inhabitants 
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genenillj, and which as the popalation increases will 
absolute necessities. 

In America, since the late sad warfare has ended, engineering 
has made a brisk recommencement in many places, and I leam 
on good authority that the great question of tlie junction of the 
Atlantic and Pacific Oceans by a ship canal across the Isthmus 
of Darien is again mooted, and that the American government 
have actually sent a gentleman of lii^h position to make nego- 
tiations and inquiries res]>ecting its lieing carried out. Our 
transactions for last jeai- will contain, in paj^rs read by Dr. 
Cullen, an excellent account of all that has been done with regard 
to this grand project. 

In Kulway aud bridge works American engineers have proved 
themselves remarkable for their boldness of design and rapidity 
of execution. Take, for instance, the suspension bridge tni-owu 
across the Niagara Kiver last year, which lias the tremendous 
span of upwards of 1260 ft., or nearly double the width of the 
centre span of the late Hungerford Sospension Bridge. And 
we read of still greater spans as being proposed, and which will 
probably be earned out. Then there is the proposed bridge 
over the Mississippi at St. Louis, which will be a novelty in bridge 
building, as it will consist of three arches constructed in steel, 
the centre span of which will be 515 ft., or some 35 ft. wider 
than twice the span of the centre arch of Southwark Bridge. 
Some of the railways have been constructed with great rapidity 
(although it must be home in mind that the style of work is 
totally different to that prevailing in England), and great inge- 
nuity has been shown by the manner in which American 
engineers have carried their railways tlu-ough most difficult 
counti'ies. Both in North and Soutli America there is a vast 
field for engineering enterprise in all its branches. Also in 
Canada it is known there are many important works required 
that sooner or later must be carried out. 

I have not perceived anything particularly novel that has been 
introduced into civil engineering of late, although I must not 
forget to mention the fact that, instead of building docks abroad, 
tliey ai'e built at home, and sent abroad to be placed in position. 
I instance the Bermuda floating dock, built in the Thames, and 
now lying in the Medway, which will leave for its destination 
oai'ly this year, also a floating dock for Bombay. 

In foundations — which are the most important studies of an 
engineer— cylinders and screw-piles seem to be the favourite 
methods at present for bridge Ibundations, piers, and other works 
in wnter. In the Loudon district it seems the genera! opinion 
that, for large buildings, it is necessary to go down to the London 
day fc dation. I cannot pei-ceive the absolute necessity 
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for this, and I think in many cases it might be avoided, at a great 
saving in cost. In mechanical engineering improvements in 
detail are Constantly being made. 

The great question as to the manufacture of steel seems to be 
still in dispute. We have not seen it used for any structure of 
importance in England at present, although I think it is probable 
we may do so before long. In cases where lightness is required 
with strength it might be used very advantageously. 

Hydraulic engineering has advanced to gi'eat perfection. 
Photography, which has been much improved during the last 
year, has proved invaluable to the engineer in illustrating the 
progress of works. Electricity — the most wonderful of all 
things applied for the use of mankind — has not yet been success- 
fully used as a motive power ; a single idea, however, might 
revolutionise the whole of our present practice. Civil engineer- 
ing is the application of natural philosophy, and it is by studying 
the great laws of nature that we may hope, no matter by how 
small advances, to improve our profession. 

In conclusion, let me particularly urge upon you, the members 
and associates of this Society, the necessity of earnestly working 
for its advancement. By becoming members, you show that it 
has your good wishes ; but it wants more than good wishes, it 
wants your working assistance to further its objects. By attend- 
ing its meetings you show a disposition to support those who are 
working for it ; and by contributing papers, a willingness to give 
the knowledge you possess, not only to the Society, but to the 
profession generally. 
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February Ist^ 1869- 

F. W. BRYANT, President, in the Chair. 

EXPLOSIVE COMPOUNDS FOR ENGINEERING 

PURPOSES. 

By Perry F. Nursey. 

Engineering operations have from the earliest period in- 
cluded the removal of large masses of rock and other similar 
natural formations, and the object has ever been to effect their 
displacement as quickly, safely, and cheaply as possible. In 
the olden times the work of removing these obstructives was 
tediously slow, but the invention of gunpowder greatly facilitated 
such operations. In later years the development of chemical 
science has added a number of explosive compounds to the 
scanty list of those at the command of the ancients, and in the 
present day we have many agents other than gunpowder, and 
much more powerful, by which blasting and quarrying may be 
effected. The objects in view in producing a substance to 
supersede gunpowder, are — or, at any rate, should be — to obtain 
a material which shall possess a more violently explosive action ; 
which shall either cost less, or, what is the same thmg, do an 
equal or greater amount of work with a lesser quantity, and, 
above all, which shall be non-explosive except under the actual 
conditions of work. This latter quality is, perhaps, the most 
important, and has been rendered so by the innumerable acci- 
dents which have happened with gunpowder either when in store 
or at the time of use. The purpose of the present paper is to 
■ notice what has " 'C towards superseding gunpowder, and 

to indicate th^ s which practical expenence points out 

18 being tb w its place in engineering operations 

quiring i 
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Although many attempts have been made to supersede gun- 
powder, but few have practically succeeded, and this arises not 
so much from any inadequacy on the part of the substitutes, as 
regards power, but on account of the extreme liability of most 
of them to premature explosion from varying causes. Gun- 
powder itself is open to this objection, and hence the propositions 
to reduce the risk by mixing it with protecting ingredients. But 
this is not enough, we must go a step further. What is required 
is a material over which we can have perfect command, one 
which shall do no more than burn when m contact with air, but 
which shall equal, if not exceed, gunpowder in its power when 
ignited in an air-tight chamber, as in a bore-hole, or the barrel 
of a gun. The necessity for this is evidenced almost daily in 
one or other of our mining districts, where a large percentage 
of the explosions occur in the blasting operations. How fre- 
quently is gunpowder ignited by stray sparks, even when stand- 
ing about, but much more frequently do accidents arise when 
tamping is going on. Here the contact of the metal rod with 
the rock leads to many a fearful accident. So much is this so, 
that the Royal Cornwall Polytechnic Society have taken the 
matter up, and have suggested safe methods of perf onning this 
dangerous operation. But however careful a miner may be, 
there never can be perfect immunity whilst he has to deal with 
a material which carries within itself all the elements of danger 
and" destruction. To meet the case a perfectly inexplosive 
material is required, one which will not explode so long as the 
atmosphere has access to it, but in which all the active energy 
of gunpowder is developed immediately it is fired out of contact 
with the air. 

Gunpowder itself is at present more largely used than any 
other explosive material, and it is a remarkable fact that not- 
withstanding the centuries which have elapsed since its first 
discovery, no radical or permanent change has been effected in 
its composition. Slight variations, it is true, have been made 
from time to time in the proportion of its constituents, but, in 
the main, gunpowder remains much as it was six hundred yeai's 
ago. But the danger ever present in handling this material has 
always been so patent that many years since means were devised 
for rendering it harmless while in store, and restoring to it its 
power at the time of use. Colonel Ryley was the first to pro- 
pound this theory, and he submitted his plans for enveloping the 
grains of gunpowder in bone-dust, to the government some five- 
and-twenty years since. In later times — in fact, very recently 
— Mr. Gale's proposition to render gunpowder non-explosive 
and explosive at will has been much before the public. His plan 
v/as to mix ground glass with the powder for storage and trans- 
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i)ort, and to sift it from it again when it was requii-eil fur use. I 
riiis addition of a large amount of a foreign substance with the J 
powder no doubt answers tlie purpose most efiectually : but un- 
fortunately there are practical difficulties in the way of its | 
adoption. The objections are, increased bulk and weight for 
transport, the necessity of numerous seta of mixing and sifting 
apparatus, and the uttei- impropriety of having to ]n-epare an 
explosive material just when it is required for use. Besidei, in 
blasting operations, the accidents usually occur iu chai-ging the 
mine, therefore a system of this kind would here be of no value ] 
whatever. 

Before quitting the subject of gunpowder, it may be iuterest- I 
ing to notice the force this material is capable of exerting when J 
used for blasting purposes. The following particulars show the J 
iimotmt of earth or rock thrown down or ramoved by 1 lb. of 
powder under various cii'cnmstauces, the results being taken 
from actual practice. At the round cliff, Dover, 85,232 lb. of ] 
chalk were thrown down by lib. of powder. In the Leith 
cutting, Tunbridge, 31,8601b. of hard white sand were moved 
by the same weight of powder. At Plymouth, 22,0001b. of 
limestone were moved per pound ; in small charges only 8900 lb. 
were moved. In Antrim, 45,084:1b. of white limestone, and 
32,430 lb. of winstone or basalt were moved by 1 lb. of 
powder. At East Dunmore, 14,2801b. of hard conglomerate 
were moved ; and on the Londonderry and Coleraiiie Railway, 
22,400 lb. were thrown down by 1 lb. of powder. T&king the 
mean of these results, we have 32,832 lb. of material to lib. of 
powder. 

Nmnerous compounds have been brought forward from time 
to time, for which it has been claimed that they perfectly super- 
seded gunpowder. But, until very recently, no material liaa 
been fouud which would answer all the practical purposes, and 
fulfil perfectly all the conditions and i-equiremeiits of that most 
important material. Saltpetre is the agent to which the charac- 
teristics of gunpowder, as an explosive material of permanent 
character, are mainly due. It is to the substitution of other 
niti'ates for this constituent that most attention has been given, 
and the nitrates of sodium, lead, and barium have been succes- | 
sively tried. But although the products, which have been known 
by the names of soda-gunpowder and bary tic-powder, &c., have 
obtained a certain amount of temi>orary success, they have ulti- 
mately been abandoned. In fact, all mixtures of this class, 
when compared with gunpowder proper, have been found to ' 
exhibit important and radical defects. Chlorate of potash has 
been a favou'-'' -'bstaiice with inventors, notwithstanding its 
violently ei latui-e. The object has of course been to , 
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tone down its violence by proper admixture with other ingre- 
dients, and the resulting products have been to some extent suc- 
cessful. One of the earliest mixtures of this class was German 
or white gunpowder, which was tried, but proved unsuccessful. 
Many preparations of a similar character have also been brought 
before the public. Of this class is Ehrhardt's powder, the in- 
vention of which is also claimed by Mr. Horsley. M. Ehrhardt's 
compositions are as follows : 

Blasting Powder, 

Chlorate of potash \ part 

Nitrate of potash i w 

Tannin or cachou 1 



?> 
» 



Charcoal 2 

Powder for Artillery. 

Chlorate of potash 1 part 

Nitrate of potash 1 „ 

Tannin 1 „ 

Powder for Shells. 

Chlorate of potash 1 part 

Tannin 1 „ 

Mr. Horsley's powder is a compound of chlorate of potash and 
gall-nuts in proportion by weight of three to one. The ingre- 
dients are ground separately to a state of fine powder, and tnen 
passed, also separately, through a very fine wire sieve. The 
two ingredients so prepared and thoroughly dried are blended 
when required to form the explosive compound. The blending 
of the ingredients is safely and easily accomplished by passing 
them in a mixed state through a series of horsehair sieves ar- 
ranged one below the other, and set in motion. Upon the 
upper sieve the two ingredients are first mixed by being run 
together from two receptacles placed above the sieve, one con- 
taining a given weight of chlorate of potash, and the other one- 
third of such weight of gall-nuts. As the chlorate of potash is 
much heavier than the gall-nuts, the volumes or measures of the 
two receptacles are about equal. Motion being imparted to the 
sieves, and as the two finely ground ingredients pass downwards 
through the sieves, they become blended, and form the explosive 
compound. Powders in which chlorate of potash is an ingredient 
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are undoubtedly Eomewhat dangerous. The fact, however, of^ 
cannon priming tubes, which are composed of chlorate of potash 
and ter-siilpliide of antimony, baving been prepared, stored, and 
used for mora than thirty years past without accident, ought to 
relieve apprehension on that score. Wlien treated as it should j 
be, witli care, and not improperly blended with combustibleH|n 
chlorate of jiotash is practically safe. With regard to the e 
plosive powers of Horaley's powder, it may here be interestinff J 
to additce a few facts in the shape of results of trials which 
came under the author's notice, and which were made to insti- 
tute a comparison of its strength as against gunpowder. An 
eprouvette, weighing with its carriage 10 lb. 2 oz,, was placed on . 
a fir plank in a perfectly level position. The charge in each ii 
stance consisted of 50 grains of the various powders, and ' 
kept in place by a small wad of thin paper. The recoil of the^ 
eprouvette, when charged with fine grain sporting powder, was 
-fg in. ; with very fine grain sporting powder, fJ- in. Fine 
grain sporting powder in a state of meal, and compressed by o 
weight of 4001b. on the square inch, gave a recoil of 4-j^in. 
Horsley's powder in a similar state of meal, and with a similar 
pressure of 400 lb. per square inch, showed a recoil of uo less 
than 11-^in. These results afford some idea of the relative 
power of Horsley's powder and the best gunpowder. The 
author liaa examined some blocks of elm which bad been sub- 
mitted to experiment to show the comparative (hsrnptive force ' 
of Horsley's powder and of common gunpowder. In each case 
equal 'charges were used, and the eprouvette was dischamed 
one inch from the wood and at right angles to its face. The 
disruptive force of Horsley's powder on the wood was as if a 
solid body had been ib-ivcn into it, separating the fibres and 
tearing a hole completely into it. The force of the small grain 
best sporting powcfer merely left a mark upon the surface of 
the blocks. 

And hei-e the author would slightly digress to say a few words 
upon the ignition point of explosives. Although the temperature 
nt which explosive compounds will ignite is an important element 
in the investigation of their character, the author is not aware 
that any but the rudest means have hitlierto been adopted to i 
ascertain their ignition point. In one instance which has come | 
luider liis notice, these means consist simply in placing the, 
powder to be tried in one of a pair of gun barrels, a thermo- 
meter being inserted in the other. On the application of the 
required heat the powder ignited, and the temperature was regis- 
tered by tiie thermometer in the other barrel. But this jilati is 
open to objection on account of several defects, wliich will be 
apparent from the comparatively rude nature of the test. These 
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defects, however, are entirely absent from the apparatus shown 
in the annexed woodcut, and which 
was devised by Mr. Horsley, for 
ascertaining the ignition point of 
explosives. This it does with the 
greatest exactness in all cases, giving 
the most satisfactory results. It 
consists of a stand A, from which is 
suspended by the upper arm a ther- 
mometer B, which is gi'aduated 
to 650°. This thermometer dips 
into the oil bath 0, which is held by 
the lower arm. D is a small cup, 
which floats in the oil, and in which 
the explosive is placed. The oil is 
heated by the name from the gas 
jet' E, which is furnished with a ** 
stop- cock for regulating the flame. 
As soon as the temperature of the oil reaches the ignition point 
of the powder the latter explodes, the exact degree being cor- 
rectly registered by the thermometer. By this apparatus, Mr. 
Horsley has ascertained the ignition point of various explosives, 
and the following are among some of his results : Gunpowder 
ignites at a temperature of 600° Fahr. A sample of Mr. 
Horsley's powder gave 430° as the ignition point. Gun- 
cotton of powerful character, prepared by Mr. Horsley, ignited 
at 325°, whilst some of Prentice's sporting gun-cotton ex- 
ploded at 410°. Trials of Schultze's sporting powder ga\'c 
385° as the ignition point. It is as well, at a time like the 
present, when new explosive compounds are constantly being 
brought under notice, that experimenters should know the cha- 
racter of the material they are dealing with, and which they 
will be enabled to ascertain by means of the above simple 
apparatus. 

Another, and perhaps safer, application of chlorate of potash 
to the purpose in question was made some nine years since by 
M. Hochstadter, a German chemist. Unsized paper was tho- 
roughly soaked in, and coated with, a thin paste consisting of chlo- 
rate of potash, finely divided charcoal, a small quantity of sulphide 
of antimony, and a little starch, gum, or some similar binding 
material, water being used as the solvent and mixing agent. 
The paper was rolled up very compactly and dried in that form. 
In this manner, very firm rolls of an explosive material are 
obtained, which burns with considerable violence in open air, and 
the propelling effect of which, in small aims, has occasionally 
been found greater than that of a corresponding charge of rifle 
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powder. Moreover^ the material, if submitted in small portions 
to violent percussion, exhibits but little tendency to detonation. 
Hut as no reliance can be placed on a sufficient uniformity of 
action, in a fire-arm, of these explosive rolls, this alone sufficed 
to prevent their competing with eunpowder. The same descrip- 
tion of explosive preparation, aiffering only from that of M. 
IlochstUdter in a trifling modification of its composition, was 
again brought before the public in this country in the early part 
of 186(5, having been patented by M. Beichen. The author has 
used this gun-paper with very good results in rifle shooting, 
but nothing practical appears to have been done with the 
material. 

The mixture previously referred to as German or white gun- 
powder, consists of chlorate of potash, ferrocyanide of potassium, 
and sugar. Many years since it was proposed and tried without 
success as a substitute for gunpowder, bmce then various pre- 
parations of similar character have been suggested for employ- 
ment, either as blasting and mining agents, or for use in shells, 
or even for all the purposes to which gunpowder is applied. The 
most recent of these mixtures, with which the author is acquainted, 
is a white gunpowder made by Mr. H. W. Reveley, of Reading. 
This mixture is a perfectly white impalpable powder resembling 
flour, powdered chalk, or magnesia in appearance. Mr. Reveley 
recently informed the author that he has constantly made and 
used it, in preference to the ordinary gunpowder, both on account 
of its superior propelling power — wnich is at least one-third 
greater — and its perfect cleanliness. It produces neither smoke 
nor flash of flame at the muzzle on discharge, and can be used 
in a casemate with perfect comfort to the gunners. Mr. Keveley 
has used it for every purpose to which ordinary gunpowder is 
applicable, and invariably with the most perfect success. He 
has made many parcels of the white gunpowder during the last 
ten years, and has always found them uniform both as regards 
strength and other properties, and has never met with the 
sliglitest accident, although he has tested it very severely. The 
composition of white gunpowder is as follows : 

Chlorate of potash 48 parts 

Yellow prussiate ditto 29 „ 

Finest loaf sugar . 23 „ 

Parts by weiglit .... 100 „ 

In manufacturing this powder the yellow prussiate is dried in 
an iron ladle until it is as white as tlic chlorate. The ingre- 
dients are ground separately to very fine powder, and are then 
mixed by means of a conical sieve until they are thoroughly in- 
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corporated, but not by trituration. For. small quantities Mr. 
Reveley uses a common Wedgewood mortar and pestle, which 
must be perfectly dry and clean. The operation does not take 
many minutes, and with the above precautions its manufacture 
is free from danger. In loading it is treated in the same way 
as ordinary gunpowder, being pressed down by hand solid, but 
not hard. The charge is ignited in the usual way, with a 
common cap and nipple. In actual use it does not appear to 
possess a bursting so much as a propulsive power, and Mr. 
Reveley has obtained some of the highest penetrative results 
in his rifle practice with it. The economy of this powder will 
at once be apparent when it is stated that its wholesale cost is 
about 86s. per c\yt., but as its strength is at least one-third 
greater than that of ordinary powder, its cost may be compara- 
tively estimated at about 60s. per cwt. One important feature 
in the manufacture of white gunpowder is that it does not 
require to be — indeed, it cannot be — granulated, which process 
is the great source of danger in powder-mills. The universal 
use of the cartridge entirely obviates any objection that may be 
made to white gunpowder on that score, or on the score of 
similarity in appearance to other substances, and owing to its 
compact form, it only occupies half the usual space. Besides 
the foregoing there have Tbeen several cruder applications of 
chlorate of potash in the production of explosive compounds, 
which it is unnecessary here to notice more paii;icularly. 

Amongst other materials, wood has been pressed into service 
to aid in superseding gunpowder as a practical explosive. Soon 
after Schonbein's discovery of gun-cotton, a Prussian artillery 
officer. Captain Schultze, whilst investigating the subject, con- 
ceived that finely divided wood could be converted into a 
controllable explosive agent more readily than cotton. He pro- 
duced the substance known as gun-sawdust, the explosive proper- 
ties of which are mainly due to its impregnation with a large 
proportion of an oxidising agent. In preparing the gun-sawdust 
the wood is purified from all resinous substances, and is digested 
in a mixture of sulphuric and nitric acids. This gives a very 
feeble explosive material, which is further strengthened for 
ultimate use by impregnation with nitrates, by which it is made 
to acquire great explosive power. Here, then, is a powder which 
may be preserved in a comparatively harmless condition until 
required for use, when it may be rendered powerfully explosive 
by impregnation with the nitrates. Although its properties are 
somewhat similar to those of gun-cutton, many of the advantages 
of which it possesses, it is open to one very fatal objection. To 
be within the limits of safety, the completion of its manufacture 
must be delayed until the moment it is required for use ; and, 

o 
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the final ingretUents are the most dangerous, an<t!l 
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moreover, 

require refined i 

incompatible the eoiiducting _ ^ 

ordinary details of mining; the care and nicety required in such 

a chemical operation must be referred to the skilled operator, 

and not trusted to the rouj;;h-and-ready hand of the miner. 

Practical safety can only be attained by an explosive agent into 

which the stray spark may fall without producing more than a 

gush of flame, a gradual burning, or without causing ignition at 

all, but which, nevertheless, when properly raramed^home ami 

tamped, may be fired with results at least equal if not superior 

to ordinary gunpowder. 

During the year 186ti a. new kind of blasting powder, which 
promised to supersede gunpowder in mining o^jerations, was 
introduced to public notice in England. This was the invention 
of M. Gustave Adolph Neumeyer, of Taucha, Sasony, and to 
which the term " inexplosive" may appropriately be applied, inas- 
much as there is no possibility of its exploding either during its 
manufacture, storage, or manipulation. Not until the proper 
moment of ignition arrives, when it is well rammed home and 
prepared to do its work, is its energy developed. Then, and only 
then, it manifests a power, when used weight for weight, con- 
siderably in excess oF tliat possessed by gunpowder. M. Neu- 
meyer, alibis life connected with the management of quaiTies, and 
himself the possessor of a quaiTy near Taucha, had his attention 
forcibly drawn to the distressing accidents whi<:h ai-e of such 
frequent occurrence in blasting operations, and lie conceived the 
idea of producing a blastuig powder which should combine the 
desired degree of strength, with perfect safety when in work. 
After a long series of trials and experiments, he succeeded in 
effecting his object by the invention of a powder which unites in 
itself the above important qualities. Within two years from the 
date of his discovery, M. Neumeyer was manufacturing this 
powder on a large scale, extensive mills with steam power having,^ 
been erected for its production in the city of Altenburg, and in'J 
two other places in Germany. 

Althou^ Neumeyer's powder differs in colour as well as in 
action from gunpowder, m that it is slow burning instead of 
violently explosive when in contact with air, it is composed of 
precisely the same materials as ordinary gunpowder. To these 
no other substances are added, the whole secret of the extra- 
ordinary result arising simply from the method of proportioning 
and compounding the ingredients. A reduction is made in the 
amount of sulphur employed, by which means a much smaller 
quantity of the noxious vapours is evolved on its ignition than is 
produced by the combustion of ordinary gunpowder: a point of 
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great importance in underground mining operations. Some 
diifercnce is made in its preparation, according to the use for 
which it is requiredj whether for military or for mining purposes. 
As a consequence, there results in the former case a powder 
which, when hermetically confined, explodes at the same tempera- 
ture as ordinary gunpowder, whilst when prepared and charged 
for blasting purposes it requires a somewhat hjgher temperature. 
This, so far from heing objection nhle, is positively advantageous, 
iuasmucb as it makes the possibility of accidental ignition more 
remote. Bickford's safety fuse, which is now so extensively 
used in our own and contmental mines, is best adapted for the 
ignition of this powder. Another Important feature in Neu- 
meyer's powder is that, although no coating or glaze is imparted 
to it in manufacture, it is not more hygrometric than ordinary 
gunpowder, whilst if wetted and dried it is said to retain all its 
good qualities in full force. Ordinary powder is more powerful 
as the size of the gi-ain is increased, but Neumeyer's powder 
when in a condition of fine dust is equally if not more efficient 
than the other. From what has been said, it will be seen that 
the new gunpowder embodies safety in manufacture, in trans- 

Eort, and m handling, preparatory to actual use, whilst it has 
een proved to be superior to ordinaiy gunpowder, in j)oint of 
effective power, so that it may fairly be said to be a safe aiid 
efficient substitute for our old powder. 

Jn support of the above assertions, both of its ineaplosivenega 
and ewplosiveneM, the author would observe that he has made 
some trials, which proved conclusively that Neumeyer's powder 
possessed both those qualities. But as a greater value attaches 
to trials made publicly, and the results of which have been 
placed publicly on record, the author prefers to give these i. 
place of his own limited experience of this powder. First, ther 






place of his own limited experience of this po^ 
as to its inexplosiveness. This was proved by several experi- 
ments made in the grounds of the Crystal Palace in December, 
1866. The most conclusive test of this quality of the powder 
was the following: A small house, 5 feet square, built of brick 
and roofed with slate, and having two chimneys made of 5 in. 
drain pipes, was constructed, and in it 35 lb. of Neumeyer's 
powder, half blasting and half gunpowder, were placed. On 
firing this mass an immense body of flame issued through the 
openings in the roof, hut the powder simply burnt, and moved 
neither brick nor slate. On 3 lb. only of ordinary gunpowder 
being placed in the same structure and Ignited, a violent explo- 
«on took place, which rendered the building a mere wreck. 

With regard to its explosiveness, the author has a number of 
authenticated reports of numerous and varied trials illustrative 
of this quality. A few are selected which have been made in 
o2 
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mines and quarries in England. The first trials to be 
were made on tlio 4th of December, 18(j6, at the Bardon Hill 
and the Markfield Granite Quarries, situated near Leicester, and 
owned by Messrs. Ellis and Everard. The roek at Bai'don Hill, 
wliich is of a very hard and stubborn character, was rent and 
cracked in a most aatisfactoiy manner, and a large quantity of 
material was thrown down, the results being considered highly 
successful. At the Markfield Quarry one hole was bored hori- 
zontally at the foot of an unbroken face of a large extent of 
solid rock; others were bored vertically. On firing the hori- 
zontal hole, the face of the rock was blown out to a considerable 
extent in every direction, and an unusually large amount of 
stone was displaced. The vertical shots proved equally success- 
ful, and the results generally were highly satisfactory, the quan- | 
tity of the new powder used being less than that of ordinaiy 
powder required for the same amount of work. In a hard, com- 
pact rock, too, such as at Bardon Hill, the effect produced by a 
given quantity of the new powder is much greater than that 
produced by an equal quantity in a soft or loose rock. It may 
be as well to mention here that, bulk for bulk, Neumeyer's 
powder, when well tamped, is equally as strong, if not stronger, 
than ordinary powder; wliilst weight for weight, Neumeyei''a 
powder is the stronger of tlie two. In point of weight, the new 
powder is one-sixth lighter than the old, which, supposing we 
take them at even prices, gives over 15 per cent, advantage to 
the former, owing to the ^ct that bulk for bulk (or one-sixth 
less weight) gives an equal if not a superior result to the best 
ordinary powder. 

Having seen the successful action of the powder upon granite, 
we will now notice its behaviour in slate quarries. On the 11th 
of December in the same year five shots were fired at the 
quarries of the Welsh Slate Company, Khiwbryfdir, Carnar- 
vonshire. The first shot was in hard rock, the hole being 
2 ft. fi m. deep, and 1 J in, in diameter ; 21 in. of the new powder 
was used, and was found to do more work than the same bulk of 
ordinary powder. The second shot was fired in a hole of the 
same diameter as the last, but 3 in. deeper, cut in the same 
description of rock; the same depth of powder was used, the 
result being similar to that obtained with the first shot. Shot 
No. 3 was in a hole 3 ft. 6 in. deep, by 1^ in. in diameter, tho 
material bored beinj; pure slate or pillaring rock ; the powder 
filled the Jiole within one inch, which was occupied oy the 
tamping. Tho result of this shot was the discoverj- that tho 
powder wa' ' too powerful — a fault certainly on the right 
side, and ," remedied. The next hole was in the same 

rock as nd was 5 ft. 8 in, deep, with 4 ft, 6 in. of 
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powder and a light tamping ; this gave exceedingly satisfactory 
results. In another IJ m. hole, 4 ft. 6 in. deep, 2 ft. of powder 
were used, with 2 ft. 6 in. of hard tamping ; the result of this 
shot was decidedly good, the rock being shattered. On the 
following day three more experiments were made at the same 
quarries. With 2 ft. 6 in. of powder in a 1^ in. hole, 3 ft. 6 in. 
deep, the shot proved much too strong. The second shot was 
highly satisfactory ; but in the third too much power was again 
developed. 

The general result of these experiments is to prove that, bulk 
for bulk, Neumeyer's powder is much stronger than the powder 
in ordinary use at these quarries, and which was of the very best 
description. The question therefore arose as to how the strength 
was to be reduced when pillaring. It was proposed to have 
paper cartridges of much smaller diameter than tne holes, and 
wnich would hold only about one-third or one-fourth of the 
present charge of powder. These cartridges, it was believed, 
would answer the purpose exceedingly well in the pillaring rock, 
where it was desirable to cleave the slate without fracture, and 
would besides produce a very considerable saving of powder. 

A few days after the foregoing experiments, a series of trials 
were made with the new powder at the slate quarries of Messrs. 
Matthews and Sons, at Festiniog, Merionethshire. Here two 
holes 2 ft. deep, in a hard rock of an underground chamber, each 
half filled with Neumeyer's powder, and two similar holes in a 
slate rock, were fired with perfectly satisfactory results. Two 
more shots in the hard rock of the tunnel were not quite so 
successful ; but it was owned that the tamping had been imper- 
fectly rammed, the man having fired them before they were 
inspected. The two next shots were stated to have done as 
much with 11 in. of Neumeyer's powder as with 15 in. of ordinary 
powder. In another hole in very hard rock of the tunnel, the 
result was completely successful, it being stated that with ordinary 
powder two holes would have been necessary, or the shot would 
not have succeeded in effecting the required detachment. A 
Ij^ in. hole, 8 ft. deep in hard rock in the open air, was charged 
with 4 ft. 6 in. of powder. This shot was considered very suc- 
cessful, for although not much rock fell, an enormous bulk was 
loosened, which was readily brought down with a small blast of 
ordinary powder placed in the rent. Experiments have since 
been made in various collieries to test the capabilities of this 
powder in the working of coal, and the results have been ex- 
ceedingly satisfactory, and have fully borne out the expectations 
formed. Experiments in the copper mines of Cornwall have 
also given similar results. 

The author could give numerous other examples of trials with 
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Neameyer's powder, which fully austtuii its reputation as a 
blasting material ; but eiiough has been said for the present 
purpose. He has dwelt at some length upon the merits of this 
material, because it appears to be the only powder which has 
proved in every way superior to gunpowder for blasting, and 
which really embodies comparative safety coupled with greater 
energy than the ordinary powder. But although so promising 
iji its character, it has not come into practical use in England. 
An enterprising gentleman, Mr. E. H. Ncwby, to whom its 
introduction in our country is due, devoted a considerable'amourit 
of time and money in the endeavour to render it a commercial 
success. In this, however, he appears to have failed, although 
it is to be hoped that such an admirable substitute for gun- 
powder as this material appears to be, may yet find its way into 
practice. In Germany the author believes it still continues to 
DO extensively raanufactiu^d and used. 

The most powerful opponents with which gunpowder appar 
rently has to contend, are niti-o-slyeetine and gun-cotton, and 
this on accomit of the e.\traorainary amount of ^wwer they 
possess ; indeed under certain conditions they develop an almost 
irresistible force. But it is just this attribute of resistless vio- 
lence which has hitherto rendered them the most unsafe, the 
most dangerous compounds that can be applied to practical par- 
poses. Man loses all control over these agents, inasmuch as an 
accidental blow or a slight concussion may — nay, must — produce 
a violent and perhaps most disastrous explosion. It is of no 
avail to possess a material which does several times the work of 
any other adapted for the same purpose, if life and property are 
in momentary danger of destruction. That this was one of the 
perilous conditions under which nitro-glycerine and gun-cotton 
were employed, is evidenced by numerous accidents which have 
occurred within the last few years in connexion with their appli- 
cation to blasting purposes. But both these dangerous agents 
have within the last twelve months been brought under control, 
and their action ao modified that they may now be said to pos- 
sess all the conditions necessary to constitute a safe and liighly 
efficient material for blasting purposes. 

Taking them in the order in which they are referred to above, 
let us first examine the merits and demerits of nitro-glycerine, 
which is one of the most remarkable materials employed to 
replace gunpowder as a destructive agent. This substance was 
discovered by Sobrero, in 1S47, and is produced by adding 
glycerine in successive small quantities to a mixture of one 
volume of nitric acid uf sp. gi-. 1*43, and two volumes of sul- 
phuric acid of sp. gr. 1-8.3. The acid is cooled artificially dui-ing 
the addition of the glycerine, and the mixture is afterwards poured 
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into water, when an amber-coloured oily fluid separates, which 
is insoluble in water, and possesses no odour, but has a sweet, 
pungent flavour, and is very poisonous, a minute quantity placed 
upon the tongue producing violent headache, which lasts for 
several hours. The liquid has a specific gravity of 1*6, and 
solidifies at about 5° 0. (40° Fahr.) ; if flame is applied, nitro- 
glycerine simply burns ; and if placed upon paper or metal, and 
Held over a source of heat, it explodes feebly after a short time, 
burning with a smoky flame. If paper moistened with it be 
sharply struck, a somewhat violent detonation is produced. 

In 1864, Mr. Alfred Nobel, a Swedish engineer, first at- 
tempted the application of nitro-glycerine as an explosive agent. 
Some experiments were, in the first instance, made with gun- 
powder, the grains of which had been saturated with nitro- 
flycerine. This powder burnt much as usual, but with a 
lighter flame, in open air. When confined in shells or blast- 
holes, greater effects were, however, produced with it than with 
ordinary gunpowder; its destructive action is described as 
having been from three to six times greater than that of 
powder. The liquid could not be employed as a blasting agent 
m the ordinary manner, as the application of flame to it from a 
common fuse would not cause it to explode. But Mr. Nobel 
has succeeded, by employing a speciaUescription of fuse, in 
applying the liquid alone as a very powerful destructive agent. 
The charge oi nitro-glycerine having been introduced, in a 
suitable case, into the blast-hole, a fuse, to the extremity of 
which is attached a small charge of gunpowder, is fixed imme- 
diately over the liquid. The concussion produced by the ex- 
ploding powder, upon ignition of the fuse, effects the explosion 
of the nitro-glycerine. The destructive action of this material 
is estimated to be about ten times that of an equal weight of 
gunpowder, so that if we take 32,832 lb. as the average of work 
done by 1 lb. of gunpowder, as stated in the early part of this 
paper, we get 328,320 lb., or about 146^ tons, as the work 
done by 1 lb. of nitro-glycerine. Therefore, although its cost is 
about seven times that of blasting powder^ its use is attended 
with great economy, more especially in hard rocks, a consider- 
able saving being effected by its means in the labour of the 
miners, and in the time occupied in performing a given amount 
of work, as much fewer and smaller blast-holes are required 
than when gunpowder is employed. The material appears to 
have received considerable application in some parts of Germany 
and in Sweden ; but, in England, it has not progressed beyond 
the stage of experimental trials. 

Although nitro-glycerine appears to possess very important 
advantages over gunpowder as a blasting and destructive agent. 
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tlie attempts to iutrodace it as a substitute for eunpowdec have 
been attended by most disastrous results, ascriBabfe in part to 
some of its properties and the evident instability of the commer- 
cial product. The explosion which occurred on board the "West 
India Com[)any'3 steamer European will long be remembered by 
many. This distressing event happened on the 3rd of April, 
18G(>, when the European was unloading her cargo alongside 
the railway company's wharf at Aspinwall. The force of the 
explosion was such as to tear away the upper parts of the ship, 
and to blow the plates off her sides. The whaxf, too, which was 
some 400 ft, in length, was literally torn to pieces, and about 
fifty persons killed, whilst many others were seriously injured. 
By the ship's bills of lading a number of cases of nitro-glycerine 
were proved to have been on boai'd, and doubtless careless 
liandling of these packages by men who were ignorant of the 
dangerous nature of their contents led to the catasti-ophe. As 
if to impress the public still more strongly with the peril attend- 
ing even the mere transport of this destructive agent, another 
accident occurred on the 16th of the same montii. Two oil- 
stained boxes, each measuring about 4 cubic feet, arrived at 
San Francisco by the Pacific mail steamer. They were removed 
from the ship into the city, in which they had no sooner been 
deposited than they e!rploded with a violence that shook the 
neichbourhood like an earthquake for a quai'ter of a mile around, 
nna proved terribly fatal to human life. It was publicly stated 
that the boxes contained nitro-glycerine, which was intended for 
sale to the mining companies m Nevada, Idaho, and Collorado. 
In Sydney, New South Wales, too, a tremendous explosion oc- 
curred on the 4th of March, 186G, in the stores of Messrs. 
Molison and Black, in Bridge-street, which were totally de- 
■tniyed. Tiie noise of the explosion is said to have very much 
resembled the discharge of artillery, whilst a column of the 
iUbrii was thrown to a height of about 150 ft. A great amount 
of damage was done to the surrounding buildings, and property 
to A jerious extent was destroyed. This ex^jlosion was traced to 
two wackaflea of nitro-glycerine. 

Tncre is yet another danger attending the substitution of nitro- 
ulynurine for gunpowder in mining, and this relates to its mani- 
jtulHtion wlien being prepared for firing a shot. Although the 
nil inny have been safely transported to its destination, there is 
im jtiiurimtce that its destructive energy wOl not be developed 
tmifoi-e it is placed in the hole which is intended for it. Indeed, 
lW»v r iifes on record which show how slight a circum- 

«tiilir 1 spread death and destruction around, even in 

(Im ^his material. It should be observed that among 

l)|l <. nitro-glycerhie freezes at a somewhat high 
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temperature, in which conditiou mere friction will explode it. A 
sad illustration of this fact occurred in 1867 at Hii'schberg, in 
Silesia, where nitro-glycerine was being used in the boring of a 
railway tunnel. The oil was one day found to be frozen, and 
in this state was delicately handled, and fragments were detached 
by means of a piece of wood. In the bore-holes the frozen nitro- 
glycerine exploded quite as well as the fluid. One day an 
overseer attempted to break up a lump of the frozen material 
with a pick. The result was a violent explosion of the whole 
mass, which caused the death of the incautious miner. Several 
accidents have also occurred in our own country since the intro- 
duction of nitro-glycerine, and many of those who were the 
first to experiment with it have already given up its use. This 
material, therefore, was only worthy of utter condenmation for 
its fearfully dangerous and uncertain character, even under the 
most favourable circumstances. Its resistless energy is fully 
admitted, and its great value in this respect for mining opera- 
tions duly recognised ; but inasmuch as it does not appear that 
there are any conditions under which it can be handled with 
safety, its use ought certainly to be everywhere prohibited. 

Such being the dangerous character of nitro-glycerine, it is 
satisfactory to turn to this material in its modified condition. 
We wiU now consider this hitherto uncontrollable agent of de- 
struction in a new form, in which it is comparatively harmless, 
and absolutely far safer to handle and transport than gunpowder. 
After long and patient experimental research, Mr. Nobel, pain- 
fully impressed with the danger attending the use of nitro- 
glycerine in its ordinary condition, succeeded in effecting a new 
combination, in which this treacherous compound is rendered 
perfectly innocuous, except under the actual conditions of work. 
To this new substance Mr. Nobel has given the very expressive 
name of " dynamite." It consists of fine gravel saturated with 
nitro-glycerine, in which condition it presents the appearance of 
coarse brown sugar. In July last some interesting experiments 
were carried out with this substance at the Merstham Grey- 
stone Limeworks, near Red Hill, Surrey, at which the author 
was present. So important were these experiments as bearing 
on the subject of the paper, that the author will here give their 
details from notes taken by him at the time. The object of the 
experiments was to illustrate the perfectly safe and harmless 
character of dynamite under any other conditions except those 
of actual work, and to show its resistless energy when confined 
and fired according to the special mode proposed by Mr. Nobel. 

A number of cartridges of various sizes were made up of 
dynamite wrapped in thin paper. To each of them was at- 
tached a fuse which burned at the rate of 18 in. per minute. 
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Oil the end of the fuse, which was uiserted in the cartridge, was 
fixed a popper cap "primed with a powerful detonating compound, 
and to which is <iue the development of the explosive energy of 
the dynamite. A charge of half an ounce of tfynamlte was first 
exploded on an oak plank about 6 ft. long, 9 in. widej and 2 in. 
thick, and supjKirtea at each end. An exceedingly loud and 
sharp rejjort ensued, aud an esnminatiou of the plauk showed 
that the charge had taken effect completely through the board, 
the under side being rent aud splintered. A similar charge was 
then fired on a balk of fir tunber placed flat on the gi-ound. A 
deep indent was made in the timber, and one side was splintered 
off. To prove the liarnilessness of the dynamite when fired by 
an onlinarj- light, Mr, Nobel cut a cartridge in two, and lighted 
one half in his hand with an ordinaiy fuse. It burned quietly 
and quickly, hut not rapidly, out. The remaining half of the 
cartridge was then fired with a capped fuse, when a violent de- 
tonation resulted. The absence of all danger in case of collision 
or fire during transport or storage was then demonstrated in a 
most marked manner. A small deal box, contidning about S lb. 
of dynamite, was thrown down from the top of a cliff about 
70 ft. high upon a bard bed of rock below. The concussion 
started the jnmts of the bos, but the contents remained un- 
injured and unchanged. The test of fire was then applied to a 
similar box to the last, containing the same quantity of ayuamite. 
A tire was kindled, upon which the box was placed, and after a 
few minutes the box quietly turned over on one side, a gentle 
puff of smoke and flame issued from it for a few seconds, and 
8 lb. of one of the most violent of modem explosives were. 
almost noiselessly dissolved into air. The charred and blackened 
box was removed from the embers, and on examination the 
joints were found to be sound and whole. The author examined 
this box of dJ^^amite before it was nailed down and placed on 
the fire, as also the one which was thrown down the pi-ecipice, 
after the occurrence, and therefore wi'ites from his own know- 
ledge of the matter. Such tests ought to satisfy the most scep- 
tical of the safety of the new blasting powder either in a railway, 
collision, or accidental upset of a package, or .i fire. 

The next point was to test the power of the dynamite when 
under conditions of partial and also of perfect confinement. To 
this end abont 4 oz, of dynamite were placed upon a block c 
granite measuring 3 ft. by 2 ft, 9 in. oy 2 ft., the dynamitej 
being only covered in with a lump of clay and a shovelful of 
gravel, A very loud report followed, and on examining th* 
stone it was found to be traversed by rents and fissures, Iarg( 
masses being easily detached by a crowbar. The effect wa»l 
certainly am'piising, cousideiing the comparatively loose and un-fl 
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confined condition of the charge. In the next experiment a 
cylindrical block of wrought iron, about 12J in. high, and 
lOJ- in. in diameter, and having a 1 in. hole bored through the 
centre, was used. The bore-hole was filled — but not rammed 
tightly — with dynamite, and fired. A report soon followed, 
remarkable for its penetrative loudness, and on examination one- 
half of the cylinder was found abont 80 ft. from the place where 
it originally stood, being then only stopped by a grass embank- 
ment. The other half was found some 50 ft. in an opposite 
direction, lodged against a pile of broken rock, which stopped its 
further progress. The iron showed a clean split, which revealed 
an excdient quality of metal. The bore showed an extra- 
ordinary enlargement near the centre, measm'Jng nearly IJ in. 
across, wliilst the measurements at the top and bottom of the 
bore were in each case 1 in., as before firing. It would appear 
that the power developed increased as it appi-oached the centre 
of its length, becoming reduced again as it neared the further 
end of the hole, although of course the explosion was practically 
inatantaneous. Both ends of the bore were open to the atmo- 
sphere, there being no plugging nor tamping. The strain on the 
metal must have been enormous to have thus compressed it 
around the centre of the bore, and to have rent such a mass and 
sent its halves yards away in opposite directions. 

Although not strictly within the scope of the paper, it may 
not be uninteresting here to notice the exjjeriments illustrative 
of the application of this powerful agent of destruction to mili- 
tary purposes. Dynamite is of course unfitted for use either in 
heavy guns or small arms, its very power being against it in 
this respect, as forcibly illustrated in the exiieriment with the 
cylinder. But it can be utilised in shells with great advantage. 
A. time fuse fitted >vith the detonating cap would effect its 
explosion at the proper moment, whilst if the shell broke up in 
the gun, no harm would result, as demonstrated by previous 
experiments. The danger attending the use of a shell was too 
great to allow of its adoption by Mr. Nobel, but he fairly met 
tJie point by filling a tin case with 4^ lb. of dynamite, and firing 
it behind a piece of cmwed J in. wrought-iron plate, 2 ft. high 
and 3 ft. long, measured round the curve. The plate was broken 
into four unequal parts, which were blown considerable distances 
away. The face of the plate upon which the powder had acted 
was completely pitted with small holes, due doubtless to the 
atoms of silica in the dynamite. This experiment satisfactorily 
demonstrated the great velocity which would be impaited to 
fragments of shells charged with this explosive. 

The next experiment was directly illustrative of the present 
subject — that of blasting rock. Here a charge of 12 lb. of 
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dynauiite was inserted in a vertical bore-hole 15 ft. deep and 
2 in. in diameter tamped with sand. The explodon was indi- 
cated bv a low subterranean thud and a perceptible tremor of 
the surrounding land, even at a considerable distance from the 
blast. The rock showed a series of fissures which indicated that 
an enormous mass had been loosened, and was ready to be 
detached by the pick. Had the rock been of a harder and less 
friable nature, it would have offered a greater amount of resist- 
ance, and the whole mass would doubtless have been blown out. 
lliis was the case at some granite quarries at Stockholm, where 
an immense mass was detached by a charge of dynamite, and 
thrown down in huge blocks. On the present occasion a further 
charge of 4 J lb. of dynamite was fired at the same depth as the 
last, with proportionate results. One of our members, Mr. A. 
E. Walton, wlio was present at the experiments, and who is con- 
stantly engaged in blasting operations, affirmed that the results 
greatly exceeded his expectations, considering the comparative 
smallness of the charge. The method of charging in dry ground 
was next illustrated by filling a glass tube with a series of car- 
tridges which were tamped with loose sand and fired. This 
experiment was repeated with water tamping to illustrate the 
mode of operation in wet ground. A striking effect was pro- 
duced by firing a cartridge in a bucket of water. The detona- 
tion appeared to be stronger than under any other conditions ; 
the bucket was shattered, and fragments were picked up several 
hundred feet from the spot where the charge was fired. 

It will thus be seen that the most severe tests for safety failed 

to show that any danger was present in this material, whilst, on 

the other hand, there was no condition under which its violence 

was not developed when fired with a detonating fuse. So far 

dynamite appears to be well calculated to supersede gunpowder 

for blasting purposes. The only point of doubt which has arisen 

in the author's mind is whether any mechanical or chemical 

change might not occur in the course of time which would 

render dynamite as dangerous as nitro-glycerine. The author 

tly made this objection to Mr. Nobel, who, however, stated 

^lere was no fear of such an occurrence, inasmuch as he 

id dynamite in store for very lengthened periods, subject 

,h temperatures, and that it retained its original condition 

some very trying tests. The stability of dynamite has 

practically confirmed by extensive and daily use in various 

^ and by the large quantities which are stored at the fac- 

Beyond this tne most careful investigation has shown 

are * ^ slightest ground for apprehension on that 

ued exposm'e to the direct rays of the sun 
last summer, not the slightest chemical 
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change could be detected, and the same was the case with some 
dynamite exposed for forty days to a heat varying between 150° 
and 200° Fahr. All nitrated, or rather hyponitrated organic 
compounds, are liable to spontaneous decomposition— or what is 
understood by this hackneyed and ridiculous term — unless they 
are completely rid of free adliering nitric acid. The reason is 
that the free acid will produce a local decomposition which sets 
hyporiitric acid free, the latter producing a new local decom- 
position and so on until sufficient heat is evolved to set fire to 
the compound. There is no difficulty whatever in ridding dyna- 
mite of free acid, but in the case of cotton or any other fibrous 
substance the utmost care is required, as free acid will some- 
times adhere in spite of repeated washing. 

In order to bring the matter down to the present time, It may 
be as well briefly to note the progress dynamite has made since 
the experiments at Merstham were carried out. In Germany 
dep6ts nave been established in every mining district throughout 
the country, and the sale is rapidly spreading. In fact, there 
are but few mines in the north of Germany which are not more 
or less using it, and if it has not as yet become as general as 
gunpowder, it is owing only to the slow-and-sure system peculiar 
to the German race. The best proof, perhaps, of the great 
ascendancy of dynamite in Germany is the circimistance that a 
firm at Cologne, who are the largest manufacturers of blasting 
powder in Western Prussia, have become converted to dynamite, 
and have taken up its agency. In iSweden, Mr. Nobel informed 
the author, that there was some difficulty in prevailing on the 
miners, who had become used to nitro-glycerine, to use dyna- 
mite. But since the prohibition of the liquid explosive in that 
country in September last, the sale of dynamite has been much 
larger than that of nitro-glycerine used to be. Sweden con- 
sumes at present nearly as much dynamite per month as Great 
Britain does in a year, which only proves the want of organisa- 
tion which has hitherto stopped its progress in this country. In 
Norway the consumption of dynamite is not very large (from 
about 35,000 to 40,000 lb. a year, the author is informed), but 
it is steadily increasing. In California dynamite is in great 
favour, and is transported by rail without any restriction. In 
the Eastern States of the American Union the miners still 
continue to use nitro-glycerine, chiefly because dynamite has not 
been manufactured and sold there. 

In England comparatively little dynamite has been used until 
recently. This is owing to the difficulties of transport, and to 
the fact that Mr. Nobel has hitherto directed his attention to 
its manufacture and sale upon the Continent. There is but one 
dep6t for the whole of Great Britain, and that is situated at 
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Carnarvon. As, however, dynamite is not carried by rail, a great 
many orders are not executed. Still tlie quarries of North' 
Wales are regolarly supplied, and consume a good quantity.: 
Only three weeks since, a small cargo of ten tons of dynamite 
in cartridges was shipped from Hamburg to Carnarvon. 

The author has referred to several catastrophes whicb have' 
been caused by nitro-glycerine, but he can only find that a very' 
few have resulted from dvnamite. Since the latter material baa ' 
been introduced, no accident has occurred either from its manu- 
facture, conveyance, or storage. When the nitro-glycerine 
factory exploded at Stockholm last year, the dynamite stored 
close ay was found scattered about, but not exploded. Two 
accidents ha\'e happened from the use of dynamite in mines. 
The first was caused by the tamping having been incautiously 
removed after a miss-fire — an operation which ought not to be 
allowed in any case. The second was due to the folly of light- 
ing the fuse of a charged cartridge and holding it by the hand 
until it exploded. These are the only accidents the author can 
discover. Accidents like these, through carelessness, must and 
will occur in mines, however safe the explosive may be to 
handle. 

It has been urged ui some quarters that the addition of silica 
to nitro-glycerine coustitutes a dead loss of explosive pOwer, 
This, however, is a mistake. Practically speaking, there ia no 
loss whatever. The dangerous properties of nitro-glycerine, 
leakage into crevices, and subsequent untimely explosions under 
the miners' tools, render it absolutely necessaiy to make use of 
cartridges, which leave a considerable air room in the jxiwder 
chamber of the bore-hole, On the other hand, dynamite readily 
fills up the bore-hole, and leaves no empty space. Practically, 
therefore, a bore-hole charged with dynamite will hold fully as 
much nitro-glycerine as when it is charged with the liquid ex- 
plosive oil, so that the silica is no drawback to its power, whilst 
it greatly enhances its safety, and renders it far more convenient 
for use. 

Tlie second of the two principal opponents with which gun- 
powder has to contend is gun-cotton. This proposed substitute 
was discovered by Schiinbein in 1846, since which time it has 
been greatly improved as far as i-egards manufacture, and 
attempts have been made in various countries to apply the 
matenil to purposes for which gunpowder hitherto had been 
alone used In England, its manufacture on a large scale was 
commenced by Messra. Hall, the gunpowder makers, at Faver- 
sham Vn explosion, however, soon occurred at the works, kill- 
ing 1 number of men, the cause being the spontaneous ignition 
ot gun-cotton. This led to the abandonment of the mantuacture 
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on a large scale, and gun-cotton was apparently lost sight of 
until 1854, when Hadow published some results of his investi- 
gations into the natm'e of gun-cotton. In France, gun-cotton 
was made the subject of experiment as early as 1846, and its 
manufacture was carried on at the government powder works at 
Bouchet, near Paris. Here, however, disastrous explosions also 
occurred — one in March, 1847, and two in 1848, several lives 
being lost. These disasters appear to have put an end, until quite 
recently, to experiments with gun-cotton in France. In Austria, 
where great attention has been paid to gun-cotton. Baron von 
Lenk was commissioned to inquire into the merits of the material, 
and a manufactory of gun-cotton was established at the castle 
of Hirtenberg, near Vienna. The material was applied for a 
while to cannon, but soon grew into disfavour, owing to its 
uncertainty of action. In 1862 an explosion occurred in a 
magazine at Simmering, near Vienna, which caused the use of 
gun-cotton in artillery to be put a stop to ; and in December, 
1866, by order of the emperor, the use of gun-cotton by the 
Austrian artillery and corps of engineers was entirely pro- 
hibited. 

Important progress has, however, been made in the develop- 
ment and the practical application of gun-cotton by Professor 
Abel and others since its study was resumed in this country 
about six years ago. Very considerable quantities of the mate- 
rial have oeen manufactured at the works of Messrs. Prentice at 
Stowmarket, and at the Government Gunpowder Works at 
Waltham Abbey ; its employment as a blasting agent is steadily 
increasing in several important English mining districts; and 
some success has attended the employment of gun-cotton car- 
tridges for sporting puraoses. The system of manufacture of 
fun-cotton, as perfected by Baron von Lenk, has undergone 
ut trifling modifications in its employment in this country. It 
has been made the subject of careful investigation by Professor 
Abel, and the results furnished by many experimental manufac • 
turing operations, and an examination of the products, have 
shown that the process of converting cotton into the most explo- 
sive form of pyroxilin or gun-cotton, and of purifying the mate- 
rial, have been so greatly perfected by Baron von Lenk as to 
render a strict adherence to his simple and precise instructions 
alone necessary to insure the preparation of very uniform pro- 
ducts, which are much more pure than those obtained in earlier 
days. 

Although the conclusions arrived at by the many chemists 
who investigated the composition of gim-cotton, soon after 
Schonbein's discovery, varied very considerably, the constitution 
has been very generally regarded as definitely established by the 




32 EKPLOSITE C0MP0USD9 POB EXGHTEBRINO PPHP08ES. 

researches of Hadow, pablished in 1854. According to thai 
dieraist, the most explosive cuD-cotton has the composition ex- 
pressed by the formula CsHrNiOn (which was first assigned 
to the substance by W. Cmm, in 1847), and may be regarded 
as cellulose, in which three atoms of hydrogen are replaced by 
three molecules of peroxide of nitrogen. The name tri-nitro- 
cellulose has therefore been assigned to gun-cotton, its constitu- 
tion being expressed by the formnlaCe ■}■{ jj'{-) f Oj. Hadow's 
conclusions have since been confirmed by other chemists, more 
especially by Redtenbacher, Scbrotter, and Schneider, who liavo 
analysed specimens of gun-cotton prepared under Von Lenk's 
directions. An experimental inquurv- into the composition of 
gun-cotton, as obtained by Von LenVs process, has oeen insti- 
tuted by Professor Abel ; and the very numerous analytical and 
synthetical results whicb he has obtained, confirm the correct- 
ness of the formula assigned by Cram and Hadow to the most 
explosive gun-cotton, and demonstrate satisfactorily that the 

EroductB obtained by following strictly the instrnctions given 
y Von Lent, are invariably tri-nitro-cellulose, in a condition as . 
nearly approaching purity as a manufacturing operation can be I 
expected to fnrniah. ' 

Professor Abel has identified himself with the advancement of 
the gun-cotton question, and great credit is due to him for the 
light he has thrown upon that question by long and patient ex- 
perimental research. Still greater credit is due to him for having 
ciiscovered and perfected a method of treating gun-cottooJ 
whereby it is rendered non-explosive when burned in the airJl 
but in which the full energy is developed when fired in a clos^B 
chamber. The method consists in reduchig the gun-cotton fibre 
to a fine state of division or pnlp, as in the pi-ocess of paper- 
making, and in converting this pulp into sohd masses of any 
suitable form or density under a pressure of 18 tons to the square 
inch. This method of manufacture is now carried out by Messrs. 
Prentice at their works at St6»-market. To the pidping mainly 
is due the safety attained, as it insures unifonnity in washing, 
whereby the cotton is thoroughly freed from all acid, and thus 
every chance of spontaneous combustion is removed. The com- 
pression causes combustion to proceed slowly in the open air, 
owing to tho condensed condition of the fibres, which, in the 
loose state of cotton or rope, bum very rapidly. The gim-cotton 
is made into small cylindrical charges, wnich are both portable 
and convenient for use. The principal of thus combining safety 
with force in a highly condensed form has produced very valuable 
results. A series of severe trials, extending over a considerable 
period, have proved gun-cotton in its present improved form to 
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possess all the attributes which should be found in a material for 
blasting purposes. These trials were carried out by Mr. Prentice 
with the view of satisfying railway companies of the absolute 
safety of the material. Mr. J. Wilson, the goods manager of 
the North-Eastem Railway, directed these experiments and 
made a report thereon, from which document the author obtams 
the following particulars : 

First, a small box containing 125 charges of the gun-cotton, 
and said to be equal in effect as a blasting agent to a quarter- 
cask of gunpowaer, was ignited by a fuse. When the flame 
reached the gun-cotton, there was a great blaze like the burning 
of a heap of loose straw, but no explosion. In less than half a 
minute there was no flame, except from the burning of the 
brown paper in which the gun-cotton had been packed inside the 
box. The box was of wood about ^in. thick, and was nailed, but 
not bound with iron at the corners ; it was one of the ordinary 
packages used for sending the cotton out. After this a number 
of charges were laid on the rails near the coal depots, and coal 
waggons were run over them, when some of them were ignited, 
others were not. Some charges were then placed so that an 
engine should pass over them, and they were all ignited. Mr. 
Prentice took an axe and chopped one charge into several 
pieces; there was no explosion or ignition. Small pieces of 
gun-cotton placed on the iron rim of a wheel and shaiyly struck 
with a hammer, exploded, or, rather, detonated. In all the 
cases where ignition was produced by concussion, whether of a 
hammer on iron, or of the wheels of an engine or waggon on the 
rails, it was very evident that only so much as was actually 
struck exploded or detonated, the part not struck firing from 
the explosion, and burning like straw or flax. In order to make 
sure that he was really dealing with the article which produces 
such an effect when exploded in close confinement, Mr. Wilson 
had a hole bored in a large block of hard tough wood, in which 
he placed a charge of gun-cotton with a fuse attached to it. He 
then filled up the hole with broken slate tightly rammed, and 
fired the fuse. When the gun-cotton exploded, the block of 
wood was shivered to pieces, and the fragments Avcre blown 
several yards away. The result of these experiments convinced 
Mr. Wilson that railway companies might safely carry gun- 
cotton along with other goods in ordinary waggons, adopting the 
same rules as apply to the conveyance of cartridges. The 
North-Eastem Company, acting on Mr. Wilson's recommenda- 
tion, now carry the gun-cotton as ordinary goods in covered 
waggons. 

"Whilst upon the question of gun-cotton transport, it* may be 
interesting to notice a report of Colonel Boxer upon the com- 
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parative risks of gun-cotton and gnnpowder in conveyance. The 
colonel is of opinion that no greater risk of an explosion attends 
tlie transport of the compressed gnn-cotton charges by railway 
or other modes of conveyance than is incurred by the transport 
of ordinary gunpowder. He further states that in the event of 
an acciden tar explosion of these charges, the amount of damage 
to life and property would not be greater than that which would 
result from the explosion of the same bulk of ordinary gun- 
powder. Finally, he thinks that the mode of packing the charges 
in deal boxes is preferable to that of pacHng in strong iron 
cylinders. The expressions with reference to the comparative 
safety in accidental explosion are, of course, guarded ; but the 
author feels assured, from comparative trials made by himself on 
a small scale, that the damage would be much less with cotton 
than with powder. He has found the compressed gun-cotton 
pcjrfcctly inexplosive so long as the atmosphere has access to it. 

Tlio most recxjnt feature in the development of the gun-cotton 
question is the rendering of the safety gun-cotton, just referred 
to, violently explosive wnen in the open air. This is effected by 
means of a detonating tube attached to a fuse, similarly to the 
method adopted by Mr. Nobel to explode dynamite. This safety 
gun-cotton, therefore, which will only bum in the open air if 
Ignited by any ordinary means, will, it appears, develop all its 
(Icadly energy if fired under the same unconfined conditions, 
but with a special detonating fuse. In proof of this some expe- 
riments were recently earned out at Stowmarket by Messrs. 
Prentice. The author appends a few particulars of these trials, 
which he believes are correct, although he was not present at 
the time. The first experiment consisted in placing a disc of 
gun-cotton, weighing about 1 lb. 1 oz., on the stump of a tree 
lately felled, and igniting it by an ordinary piece of miner's fuse. 
At the instant of ignition it was enveloped in flame, and moved 
about for the two or three seconds required for its combustion. 
About half the quantity was then placed on the same spot, and 
ignited by a small detonating fuse. A sharp, sudden report was 
heard, and the stump was found on inspection to be partly pene- 
trated just where the charge had lain, while the twigs of the 
hedge close by suffered severely. The root of a large tree which 
lay on the ground was then attacked. A disc oi gun-cotton 
weighing about 1 lb. 1 oz. was placed in a hollow beneath it, a 
detonating fuse being inserted The explosion shattered the old 
fttump, and scattered its fragments in all directions. The next 
experiment was calculated to prove the question from a military 
point of view. A row of palisades composed of trunks of trees, 
some 18 inr ' eter, and all sunk 4 ft. into the ground, was 
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provided. A long tree trunk lay touching the foot of the 
palisade, and upon this 51b. of gun-cotton was laid. Wires 
communicating with a magnetic apparatus were affixed to a 
detonating tube, which was placed in contact with one of the 
discs of gun-cotton. Upon the explosion only one tri^nk was 
seen to fly away from the spot, and that proved to be the one 
upon which the charge had been placed ; the palisades, although 
shaken, were comparatively unharmed. A charge of 15 lb. of 
gun-cotton was then placed against anothet part of the stockade, 
which was perfectly sound, and fired. The result was a general 
smash up, and a tumble over of all the trunks in numerous 
pieces, and so it ought to have been with such a charge as was 
employed. 

Having brought the history of modem explosive compounds 
down to the very latest period — for the series of experiments 
last described only took place on the 22nd of last month — it will 
be as well, in conclusion, briefly to glance at their comparative 
merits. Bearing in mind the rule laid down in the opening part 
of the paper, that a perfect blasting material must be safe to 
handle and powerful in use, we may dismiss from our minds all 
those substitutes for gunpowder in which the dangerous chlorates 
and nitrates occur. The author cannot even make Revelcy's 
white gunpowder an exception, although Mr. Reveley has long 
made and used it himself with safety. But this is a very different 
thing to the manufacture, transport, and use by rough hands of 
hundreds of tons a year. Neumeyer's safety powder appears to 
embody all that is required as regards safety and strength, 
although its power falls far short of that possessed by either 
dynamite or gun-cotton. But as this powder has not been 
commercially introduced into England, and, in fact, is hardly 
known beyond the scientific world, it cannot be quoted as a 
material of which engineers can make choice for blasting pur- 
poses. Next in order, we have nitro-glycerine in its improved 
condition of dynamite. It is between this substance and com- 

Eressed gun-cotton that the contest appears to lie, and they are 
oth such excellent materials that the probability is they will 
both succeed in superseding gunpoi^der in blasting operations. 
Dynamite has superior difficulties to surmount than those which 
have attended the development of gun-cotton. The dangerous 
character of nitro-glycerine has so impressed itself upon the 
public mind, that it will require time to remove those impres- 
sions and to establish confidence in the safe material — dynamite. 
If we compare the relative safety of dynamite and gun-cotton, 
there appears to be no difference between them. The only 
doubt upon the author's mind is whether, after long storage, any 

d2 
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ilaiigerotis change may take place in either of the two substauces. 
Mr. Nobel has undeavoured to answer this quefltion with regard 
to dynamite, but the author thinks a year is scarcely sufficient 
time to dctenniiie this matter in such a comparatively recent dis- 
covery. So, too, with regard to the compressed gun-cotton, 
The author thinks a longer time must elapse before the new 
form of gun-cotton can be pronounced absolutely safe. The old 
gun-cotton was supposed to be safe in storage, but accidents at 
home and abroad have shown the contrary ; and, however 
Professor Abel may now have eliminated the element of danger, 
as far as chemistry can, it is not for any one to say it is a reliable 
material imtil such time-tests have been applied as shall satisfy 
not only chemical science, but common sense. It is to practical 
common sense that all these matters ultimately address them- 
selves, and it would be of no avail, commercially, if all the lead- 
ing chemists in Europe were to pronounce a substance safe if 
they could not support their opinions by experiments which the 
public could understand, and iu which, tlicrefore, they would 
place faith. With regai-d to the question of the relative powers 
of dynamite and gun-cotton, these appear also to be nearly 
evenly halanced ; we may take it that forall practical purposes 
they are so. It would appear, however, to the author that 
dynamite was actually the stronger of the two, for, from his 
experience of that substance, he thinks that much less than. 5 lb. 
of dynamite would have effected what 5 lb. of gun-cotton failed 
to do at the palisade experiments — viz., to demolish it. But 
this is a question that can best be settled by comparative ex- 
periments, which the author suggests should be carried out with 
that view. 

It, tlieitfore, results that dynamite and compressed gun- 
cotton equally fulfil the conditions required of a safe and effi- 
cient blasting material as far as science at present can deter- 
mine, whilst dynamite appears to possess the superior shattering 
power. It should also be borne in mind that a bore-hole will 
take up nearly double as much dynamite as compressed gun- 
cotton, as the dynamite is like moist sand, and can be packed 
into the irregularities of the hole, whilst gun-cotton ia in cylin- 
drical pellets, which can only occupy their own diameter in the 
hole. Hence, if djTiamite was even inferior in point of power, 
weight for weight, in its application to blasting, it would he pre- 
ferable. The author does not agree ivith the theory that the 
power of gun-cotton ia increased by firing it with a percussion 
fuse. He can only conceive the fuse to act upon the gun-cotton 
in the way that a whip does upon a horse ; it accelerates its 
action, but does not -"""ase its strength. He thinks that the 
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same explosive power would be developed in compressed gun- 
cotton when fired by an ordinary fuse in a confined space, as 
when fired by a percussion fuse under the same conditions, 
although it has been demonstrated that the percussion fuse will 
develop the energy of tlie gun-cotton in the open air, under 
which condition the ordinary fuse will certainly not explode, but 
will only ignite it. 

Such, then, is the present practical position of explosive com- 
pounds with regard to engineering requirements. The most 
deadly explosives are at hand ready for work, but as harmless 
for mischief as so much sawdust or paper. They may be trans- 

Eorted with safety, and played with by a child when unconfined ; 
ut when imprisoned they will tear down the hardest rock in 
liberating their gases. These are some of the marvels of the 
age in which we live, but which some new scientific discovery 
may eclipse before many years pass over. 

DISCUSSION. 

Mr. NuRSEY exhibited samples of several of the explosive 
compounds referred to in the paper, and explained their com- 
position, application, results, and other special detail points. 

Mr. Prentice, of Stowmarket, observed that he regarded the 
chief interest of the present meeting as having reference to the 
use of explosives for blasting. He might, however, mention that 
gun-cotton was used for sporting purposes, and the peculiarity of 
one of the sporting charges which Mr. Nursey had just laid 
before the meeting was, that it was perfectly waterproof for all 
practical purposes. The objection to former preparations of 
gun-cotton for sporting charges was that damp affected them, 
and when the gun-cotton was damp, the firing, of course, was 
not satisfactory. He might, perhaps, call attention to Mr. 
Nursey's simile between the action of gun-cotton under per- 
cussive fire and the whipping of a horse. It appeared to him 
(Mr. Prentice), that that action was exactly the thing that was 
necessary, the amount of power being in the gun-cotton, but 
requiring a peculiar kind of ignition to develop it. The whip- 
ping of the horse was exactly the thing wanted. The special 
method of firing did not add to the power of the gun-cotton, 
but it enabled the power to develop itself so quickly that the 
effect was equivalent to an increase of power. 

Mr. Eeveley said that he did not regard white gunpowder as 
a competitor to the special explosive compounds, but simply as 
an antagonist to gunpowder, which it beat completely both in 
price and work. He gave examples of effects produced by it. 
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which it was impossible that ordinary gunpowder could have 
produced. 

Mr. Gore asked whether there was any danger in the use of 
dynamite after it had been sent to any considerable distance 
from the place of manufactiu*e. After the explosion of nitro- 
glycerine at Aspinwall in 1866, a quantity of material similar to 
what Mr. Nursey liad described as dynamite was sent to Mexico, 
and there it was found that the nitro-glyc^rine. got separated 
from the particles of silica, and the mixture was quite as dan- 
gerous to use as nitro-glycerine. 

Captain O'Hea said he had had no experience in the use of 
gun-cotton, but with reference to gunpowder his experience was 
tliat the globular form of grain, as exhibited by Mr. Nursey, 
was better than the angular form. The former form was some- 
times given to Austrian and Swiss powders. The combustion of 
the globular grain powder was far more even than that of the 
other kind. 

Mr. Allen asked whether any experiments had been con- 
ducted with dynamite in a frozen condition, as it would pro- 
bably be dangerous in that state. It would be important to know 
its behaviour when frozen. 

Mr. Fewtrell said that nitro-glycerine could be rendered 
perfectly non-explosive for transport by the addition of wood- 

Sirit, the spirit being driven on afterwards by means of heat, 
e (Mr. Fewtrell), had always looked upon Neumeyer's powder 
as a weaker form of gunpowder, and he had never before heard 
so much said in its favour. Several new explosive compounds 
which had recently been invented had come under his notice. 
One had been introduced by Dr. Nisser, a Swedish engineer of 
great experience in mining pursuits. That was really a modi- 
hcation of Elirhardt's safety powder, and consisted of two com- 
positions, one being little more than chlorate of potash, and the 
other, sugar, with a little sulphur, and, he believed, some wood 
fibre or cannel coal. Apart, these substances were perfectly 
non-explosive, but when mixed together they formed a highly 
explosive compound. This preparation had been tried on the 
hardest Cornish and Scotch granites, and he believed the effect 
had been found to be about six times that of an ordinary blast- 
ing powder. Mr. Nursey had condemned the compounds in 
whicn chlorate of potash was substituted for nitrate. He (Mr. 
Fewtrell) thought that those compounds might be made per- 
fectly safe. There was a great prejudice against the idea of 
using chlorate of potash, but it was perfectly safe if kept 
separate from the other materials until the powder was re- 
quired for ''•"* It was only when it was mixed with such 
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substances as sulphur, or tersulpliide of antimony, that it became 
dangerous. 

Mr. NuRSEY, in reply, said that he had hoped for a warmer 
discussion, as he had introduced a variety of subjects, and had 
expressed some rather strong views with respect to some of them. 
With regard to the application of the detonating fuse to which 
Mr. Prentice had alluded, that gentleman would find that his 
views coincided with those of the author as expressed in the 
paper. He (Mr. Nursey) gave gun-cotton every credit for being 
comparatively innocuous m the open air when burnt with an 
ordinary fuse, at the same time its full violence became deve- 
loped when fired with a detonating fuse in the air. But the 
fuse did not increase the absolute power of the gun-cotton, for 
his opinion was that the same charge fired in a blast hole with 
an ordinary fuse would exhibit the same amount of power as if 
fired with a detonating fuse. But in the case of two similar 
charges fired in tlie open air with the two different fuses, one 
would simply burn, whilst the other would violently explode. 
Mr. Reveley's white powder was undoubtedly very powerful, and 
he was glad to hear so favourable an opinion upon it and other 
chlorate powders from Mr. Fewtrell. Mr. Reveley had pro- 
duced some very remarkable results with that compound, but he 
had produced them with implements which were not in ordinary 
use. The bores of both the weapons which Mr. Reveley exhibited 
were very small, while the metal was very thick indeed, and he 
(Mr. Nursey) did not believe the same results could be produced 
with ordinary gims, Mr. Gore had asked whether dynamite had 
been used in places very distant from the place of manufacture ? 
It had been exported to very long distances, but it had not come 
into use in California, for the reason that they still. had there a 
very large quantity of nitro-glycerine, and they appeared to 
prefer the more dangerous material. He had doubts whether 
there might not be some mechanical as well as chemical change 
in dynamite which might ultimately render it dangerous. Mr. 
Allen had implied that there was danger from dynamite when 
frozen. It was possible there might be danger in the frozen 
state of the substance, because then the atoms of nitro-glycerine 
might be in the same condition as they would be in if not 
mingled with the silica, although he (Mr. Nursey) thought it 
would hardly prove to be the case, as the atoms of nitro-glycerine 
were still separated. As regarded the present position of 
explosive compounds for engineering purposes, he (Mr. Nursey) 
believed the race to lie between dynamite and gun-cotton. 
With reference to the spontaneous combustion of gun-cotton, 
chemists appeared to agree that it was safe in that respect, and no 
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doubt Mr. Nobel had also satisfactorily proved to his own mind 
that his dynamite was safe, but he (Mr. Nursey) wished to see 
the results of storing gun-cotton and dynamite for long periods 
under conditions of high temperature, &c. He thought that by 
means of the time test only could the absolute safety of any of 
the modem explosives be established. 

The President said that although the paper was venr 
interesting to the engineering profession, it raised points which 
lay more within the province of chemists to discuss. Mr. Nursey 
had exhausted the subject, and the paper supplied a great deal 
of information. He (the President) had had very little practice 
with any of the substances mentioned other than the ordinary 
blasting powder. The members must all feel obliged to Mr. 
Nursey for the trouble he had taken in producing so excellent a 
paper. 
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February 15th, 1869. 

F. W. BRYANT, President, in the Chair. 

THE DRAINAGE AND WATER SUPPLY TO THE 

TOWN OF FAREHAM. 

By Thomas Buokham. 

The town of Fareham, in the county of Southampton, con- 
tains 900 houses, and, by the last census, 5000 inhabitants, and 
is situated at the head of the north-western estuary of Ports- 
mouth Harbour. Previous to 1860, the greater part of the 
houses were drained into cesspools, very imperfectly constructed, 
and in close contiguity to the wells ; in all cases the soil stood 
higher than the surface of the water. The strata being gravel, 
the liquid contents of the cesspool permeated into the wells, 
poisoned the water, and consequently produced many kinds of 
dangerous diseases. Those houses which were not drained into 
cesspools, discharged their sewage into open ditches, and created 
pools of stagnant water, thereby generating putrefaction, and in 
many instances in close proximity to the dwellings of the poorer 
classes. A well and the large cesspools of two closets m the 
principal street of the town existed within six feet of each 
other for years previously to its being drained. Tlie water of 
this well was used by the family for ordinary domestic purposes. 
Many similar cases to this in the thickly populated part of the 
town were found by the author in the course of the drainage 
being carried into effect. Some houses and cottages in Quay- 
street were in a very unhealthy condition before the present 
system of drainage was carried out. The surface of the yards 
was unpaved and in a most filthy state. There were pigsties 
and closets abutting on the cottages. The ground was saturated 
with water almost to the surface. The refuse in the ditch was 
of the most filthy and abominable kind, and stood stagnant 
within a few inches of the level of the adjoining cottage floors, 
and in actual contact with some of the cottage walls. 

At an inquiry held at Fareham in 1849, before Robert Raw- 
linson, Esq., C.E., as to the sewerage, drainage, and water 
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supply, and the sanitary condition of the town, Mi\ John 
Blathenvick, surgeon, and many other old residents, stated in 
evidence tliat tlie place was totally without drainage, neither 
was tliere any means of a good supply of water ; that a great 
amount of disease existed in the town at that time, and many 
other details which proved, in their opinion, that the only 
effectual remedy was a thorough system of drainage and water 
sup])ly. Mr. William Pink stated : " My well is situated about 
9 ft. from the cesspool, and is about 20 ft. deep. Our water was 
in such a state four years ago that we could not drink it. We 
opened the well, and then discovered streams of putrid matter 
from the cesspool. I went to considerable expense in puddling 
up this to cut off the soak. It cost about 4Z. it is not effectual, 
I would rather buy water than drink our own. When we 
opened the site, the gravel was black. I have no power to make 
a drain, or I would gladly do so. We are annoyed during wet 
weather with springs which ooze up through the floor." 

The whole of the public and private works have been carried 
out under the direction of the Fareham Local Board of Health, 
in conformity with the provisions of the Public Health Act, 
Local Goverhment Act, and the Acts incorporated therewith. 
The author, who was surveyor to the Local Board, received that 
appointment in September, 1860, when portions of the sewers 
and water mains were laid. Since that date many alterations 
, and additions have been made in the general system, from the 
designs and under the direction of the author. A system of 
pipe drainage from, and water supply to, every house in con- 
nexion with the sewers and water mains has be^n constructed. 
Every common privy has been converted into a water-closet, and 
every cesspool filled up and destroyed. The drainage from 
houses to the sower consists of glazed earthenware socket pipes 
jointed in cement, with an average fall of 1 ft. in 35 ft. The 
pipes are all of Bin. diameter, with 4 in. branches to sinks and 
surface gi-atings. The water-closets are fitted with glazed earthen- 
ware pans, and P traps built into brickwork and set in cement. 
The quality of the pans differs, but the majority of closets (those 
to cottages) are fitted with neat ones at a cost of 7s. 6d. each, 
wliicli have been found to answer every purpose. 

Immediately on the completion of the main lines of sewers 
and water mains, the Local Board put in force their powers 
under the Acts of Parliament, and served a notice upon every 
owner of property in the town to lay on a system of drainage 
and water supply, and to employ such persons to execute the 
work as they should approve of. The drainage of the houses 
which were owned by persons of limited means was executed by 
the bo^*"^ "nd a rate called a "Private Improvement Rate" 
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made on the property, which extended over a period of tliirty 
years. In Gloucester, Hereford, and many other towns where 
a system of drainage has been completed many years, the brand i 
drains appear to be quite neglected, whereas they are of much 
more importance than the main lines. Previously to the ap- 
pointment of the author as surveyor the Local Board approved 
of a scheme, and had decided to erect a pumping station at a 
point where the London and South Western Railway crosses 
Fareham Lake, for raising the sewage of the lower district into 
the sewers of the higher one, for the purpose of sending it with 
that of the whole district to the main outlet. The board were 
also under the impression that this was the only means of dis- 
posing of the sewage of this portion of the town, if the drains 
were laid at a sufficient depth to drain the cellars of the whole of 
the houses. The author, upon a survey of the district and after 
taking the necessary sections, decided that a separate outlet 
could be obtained, and that the pumping establishment (which 
would have been a perpetual expense) could be dispensed with. 
He therefore prepared plans and sections for the drainage of this 
portion of the town, which were adopted by the board, and the 
works were carried out. The system comprises a small set of deodo- 
rising tanks, which are constructed at the extreme end of the 
north-western estuary of Portsmouth Harbour. The outlet is 
a 12 in. cast-iron pipe, jointed in lead, and supported by piles ; 
12 in. cast-iron pipes are also laid from the inlet end of the tank 
across the mill-pond, and are connected with the pipe sewers in 
the centre of the road. The 12 in. pipe sewer from this point is 
constructed with a gradient of only one foot in 1 300 ft. ; it has 
now been in use nearly seven years, and not the slightest ob- 
struction has occurred. The sewers are of ample depth to drain 
the whole of the houses in tliat neighbourhood. The difference 
in the cost between the pumping station and the scheme designed 
by the author, was 2500/. 

The water services to houses consist of f in. galvanised iron 
high-pressure pipes, connected to the top of the water mains by 
J in. circular brass ferrules ; a stop-tap is placed in the most 
convenient point nearest the water main so as to enable the 
water to be shut off in case of leakage, or repairs, &c. ; f in. 
high-pressure bib-taps are fixed in convenient places for the 
supply of water for domestic purposes. The water is laid on to 
every water-closet, and a self-acting valve fixed for the purpose 
of supplying the pan with water when required. The system of 
connecting the water service direct to the pan of the water- 
closet was adopted by the Local Board for the purpose of 
reducing the expense to the owner as much as possible. The 
author strongly objects to this system if the waste of water is of 
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any material conse{|ueiice. Ho has found very many 
during the last twu years of bis residence at Fareham, 
the handles of the valves have been pi-opped up for two or three 
hours at a time, the water continually running to waste, tliereby 
involving a very considerable loss. This extravagant waste of 
water can be prevented by the adoption of waste preventive 
systems fixed m some convenient part of the closet over the 
pan ; one which the author has observed naed very extensively 
and eflectually in Southampton, can be procured at a cost of 21b. 
The drainage to the town consists of glazed earthenware 
socket pipes, of sizes varying from 9 in. to 18 in., and is divided 
into two districts, with a separate set of deodorisine tanks 
for each. The entire length of the sewers is four miles and 
seventy-sis chains. The whole of the surface water of the town 
is drained into the sewers, the necessary gullies being con- 
structed at various points for that purpose. The author, not 
finding the sewers sufficiently lai'ge to take water during a 
storm, designed and constructed two 12 in, storm outlets, the 
bottom of tne 12 in. pipes of the outlets being placed level with the 
top of the sewer, so that immediately the sewer becomes full, they 
are relieved. The tidal valves are self-acting, and consist of a 
15 in. copper ball which rises with the tide into an india-robber 
ring bolted between two iron plates, and effectually prevents any 
water gaining access to the sewer dwing high water. The 
details of the outlets ai-e shown in Figs. 1 and 2. On several 





occasions before the construction of these storm outlets during 
heavy rains the sewers became full, and flowed into the cellai'S 
of many of the houses. Since these additions there has not 
been a repetition of that defect. 

Ventilating shafts are constnicted in the highest parts of the 
town, and at the ends of the sewers. Cast-iron boxes filled 
with charcoal a- for the purposes of ventilation — the 

charcoal rerpiir ing every month. Flushing shafts are 
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also constructed at the ends of the flat sewers, and are used 
in tlie dry snmmer months about once a week. The water is 
Imd on to the shafts from the water mains by 3 in. hranchea, 
with a sluice fixed to it for the pui-pose of turning the water off 
and on. A flusliing valve of galvanised iron is fixed in the end 
of the pipe, and when the shaft is full it is raised with the aid of 
an iron chain attached to an iron bos with lid, &c. Examina- 
tion shafts, shown at Figs. 3 and 4, are also placed in convenient 




places on the sewers; they have cast-iron doors and frames fixed 
3 in. below the surface of the road. 

Figure 5 shows a plan and section of the tanks nsed for the 
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puriiose of deodorising the liquid portion of the sewage, pra- ' 
vioua to its dischargo into Fareham Lake. It consists of two ' 
sets of tanks; the one for use during the time the other is being 
cleansed. Tlie chambers for the retention of the solid portion 
of the sewage are 90 ft. in length by 1] ft. in widtli, and the floor 
is i ft. 6 in. below the level of the inlet and the bottom of the 
filtering bed, whicli is filled with rough gravel for the purpose of 
filti'ation. The chambers at the outlet end are for the purpose of 
retaining any solid matter which may find its way there, to prevent 
its discliarge into the lake. Two 18 in. iron sluices are placed at 
each end of the tanks to divert the sewage when required. A 
building, 20 ft. by 10 ft., is erected over the filtering chamber, 
and contains a large galvanised iron tank which is used for 
mixing the lime with ttie water. The whole of the brickwork, 
with the exception of the arches, is built in cement. The cost 
of the tanks and outlet was 1050^., and the working expenses, 
indnding lime, 701, to 90?. per annum. I 

The solid portion of the sewage is retained in the two largS' j 
chambers, and when filled is cleaned out and sold for agricul- 
tural purposes at 3s. per ton ; the quantity of solid manure 
collected in the tanks is between 400 and 500 tons per annum. 
The sewage is purchased by farmers iu the neighbourhood, anil ' 
applied to the land in dltlerent forms; some preferring it mixed 
with ashes, and others as it is taken from the tanks. The reten- 
tion and sale of the sewage is profitable, but the farmers having 
but little experience of its utilising qualities do not think it at 
present of more value than 3b. per ton. The deodorant used is , 
milk of lime. 

The deodorising of the liquid portion of the sewage previous ' 
to its discharge into the lake is not effectual, and the fact of its 
being discharged imperfectly purified has been a serious annoy- 
ance to the immediate residents of that neighbourhood. The 
author is of opinion that to deodorise sewage in a very moderate 
way, a constant stream of lime and water, or other deodorants, 
should be constantly running into it before it enters the stream. 
This was not done in this case, but the tank was filled onco 
a day only, and the contents discharged into the chambers before 
alluded to ; the consequence was that the sewage was washed np 
and down the lake by the ebb and flow of the tide, and neces- 
sarily became embedded on the banks which were exposed at low 
water, thereby causing the annoyance before mentioned. The 
difficulty of disposing of the sewage of towns so as not to pollute 
the rivers and streams in the vicinity is a very gi'eat obstacle to 
sanitary improvements, inasmuch as m obviating one evil another 
is created. In the adoption of the system of irrigation in many 
towns, nothing has been done wliich it can he said actually meets 
the necessary requirements. 
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The pipes from the tanks to tlie outfall are 15 in. cast iron, 
jointed in lead. The tidal valve at ontfall is constructed 
of brickwork in cement, and lias a beech apron which closes by 
the pressure of the tide. Tlie whole of trie pipes used in the 
public and private drainage of the town have been properly laid. 
The sewers have been used now nearly seven years, and not tlie 
least failure or stoppage of any kind has occuired. Any failure 
in pipe drains with an ordinary fall is the result of some 
accountable cause, such as the joints being imperfectly made, so 
that the cement finds its way into the inside, where it forms a 
hard ridge which would obstruct the flow of the sewage. 

During the time the author had the honour of discharging 
the office of surveyor to the Fareham Local Board, he per- 
sonally superintended the laying of the pipes used in the 
drainage, and several times found an attempt by the work- 
men to increase or diminish tlie size of the drains by pushing 
the end of the smaller pipe into the larger one, also forming a 
junction of one drain with another by cutting a hole in a pipe 
in which to insert another; the ultimate result of this practice 
is of coarse a failure to the scheme. Efficient professional 
supervision is essential to the proper formation of sewers and 
drains, and if confided to bricKlayers, or persons liaving no 
professional experience, the consequence is, increased expenditure 
and certmn failure. 

The water supply consists of a covered reservoir shown in 
plan and section at Fig. 6, of sufficient size to hold 100,000 
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of tlie town, and 50 ft. above the highest. The mains vary in 
size from 2 in. to 8 in., and the entii-e len^h is 4 miles and 60 
chains. The supply of water is obtained from two wells sunk 
in an old chalk pit {called Main Dell), situate at tlie western 
end of Portsdown Hill; the bottoms of the wells being about 
45 ft. below Trinity high-water mark. A large heading, 40 ft. 
long and 20 ft. in height, connects the two wells. The water 
is raised into the reservoir by three 10 in. pumps, worked by two 
14 horse power beam engines, constructed upon the compound 
piinciple. The pumps are capable of lifting 15,000 gallons of 
water per hour 1 10 ft. in height. The consumption of coal by the 
two Coniisb boilers is 2^ lbs. to 3 lbs. per horse power per hour. 
The supply from the reservoir into the town is constant, day and 
night, and in order to preserve a uniformity of quantity through- 
out the service, all the mains communicate with each other, so 
that a free circulation is kept up, by which means, from whatever 
quarter the draught is made, the water will flow from all other 
quarters towards it. Sluices are placed at conveuient places 
tliroughout the mains for the purpose of shutting off the water 
for repairs and regulating the pressure. Hydrants are fixed in 
the footways at distances of about 80 yards apart. The whole 
of the mains are laid in a separate trench from the sewers, 
this plan being adopted to insure greater safety; the depth of 
the mains below the surface of the road being 2 ft. 

The quantity of water used in the town in the 24 hours, on 
an average, throughout the year, for domestic purjioses only, 
is 240,000 gallons ; being at the rate of 48 gallons per head, and 
240 gallons for each house throughout the town. This very ex- 
travagant waste of water is caused solely from the very fact of 
the water closets having a direct connexion with the mains, and 
the handles of the closets being propped up in the manner before 
described. The author found, on a visit to the town a few weeks 
since, that in consequence of the continued great waste of water, 
the Local Board had resolved to cut off the supply during tlie 
night. This would be a very serions matter in case of fire, as it 
would involve a very great delay by the time occupied in giving 
notice to the turncock to open the sluice valves. 

The author's opinion is that to carry out a thorough system 
of town drainage (particularly pipes), it is essentially necessary 
to combine with it a good supply of water for flushing purposes, 
and that, with it, sewers of much smaller dimensions would be 
as efficient as larger ones without it. 

The annual expenses of working the engines and pumps — in- 
cluding coals, repaii-s, stores, and englnenian's wages, is 170/. 
Four rates of itd. ui the pound covered the whole of the expenses 
for the twe|- tha. Mr. William Bellingham, of Fareham, 
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s the contractor for the construction of the main lines of 
sewers and water mains. Mi-. James Tayler, of Fareham, for 
the house drainage and water supply ; and Mi". Thomas Horn, 
of Millbank, Westminster, for the erection of engines and 
pumps. 

DISCUSSION. 

Mr. Latham asked the author what portion of the scheme he 
considered liimself responsible for. 

Mr. BuoKHAM said that a third of the scheme had been 
carried out by Mr. Routledge, when he was appointed surveyor 
to the board, but that he (Mr. Buckham) held himself respon- 
sible for two-thirds of it. 

Mr. Latham considered tliat, looking at the requirements of 
the town, the plan as laid down was extremely crude. He did 
not see a single man-bole or inspection hole, and all the lines 
of sewers were laid out in curves, which was contrary to the 
pi-inciple now adopted by engineers for town drainage. The 
town it appeared had two outlets, one upon tlie high and the 
other upon the low level, but for all practical purposes, the 
sewers were found insufficient to carry away the ordinary storm 
waters, and certain storm outlets had been designed in order to 
relieve the sewers. He would ask the author whether those 
storm outlets had any effect upon the low level system of sewers, 
for he could readily conceive that, in the case of sewers of such 
low capacity, if a storm occurred, the same evil results would 
still follow as had hitherto happened in the town, and that no 
storm outlets of any description would be a remedy. The 
author stated that, " in the adoption of the system of ii-rigation 
in many towns, nothing has been done which can be said actually 
meets the necessary requirements." Now, what were those 
necessary requirements'? Perfect purification of the sewage, 
and prevention of the pollution of all our rivera, and how best 
had these requirements oeen met? Had the end been obtained 
by the lime process? Take any town, from the largest to the 
smallest, whicn had adopted the lime process, and the result had 
been a failure. That was to be seen everywhere, and proceed- 
iiiffs in the Court of Chancery were constantly showing that 
where the lime process had been adopted it bad proved to be a 
signal failure. The process had also been shown not only to be 
a failure, but the result of the application of lime, let it be 
applied as perfectly as possible, was, that it was very injurious as 
regarded fertilising power. When he (Mr. Latham) knew that 
the system advocated in the paper had failed, he could not, of 
course, support it, especially as the author bad followed up his 
description by observations derogatory to that natural system of 
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treatment — ^tbo irrigation system — the principles of which ■? 
correct. The in-igation system was already becoraiiig the national 
system, for a recent Act of P;irllament relating to the draiiii^ 
of towns had also made provision for the acquisition, on the 
part of towns, of lands whereon they could utilise that element 
of fertility which, if utilised rightly and properly, would be of 
immense value, and the utilisation of wliich would effectually 
prevent the pollution of our streams. With regard to the ven- 
tilation of- the Fareham sewers, the author stated that iron boxes 
containing charcoal were used. He should like to know how 
many wei-e adopted, and in what position they were used. The 
ventilation of sewers had been a vexed question with many 
drainage engineers, and that was because sewers had been con- 
structed without any provision for ventilation. In providing 
for ventilation, the system should be laid out so that every part 
should be under command for the purposes of ventilation. It 
was of no use to put a box at the top of one sewei', and call that 
a ventilator for the whole system, as it would tend to take the 
miasmas wliich had been produced in one quai'ter, and convey 
them into the liighest and beat parts of the town, A perfect 
system of drmnage would be laid out with a view to ventilation, 
and it ought to be so broken up, that it would be impossible for 
gases to pass far along the sew eTs without escaping. It seemed 
from the paper that no regard had been paid to that at Fare- 
ham, and that the whole of the gases were allowed to sweep 
through the town, and escape by a few outlets at the head. That 
feature would sooner or later be found to be a weak point in the 
scheme. For a few years the Local Board might find the town 
all that they required, and believe that they had carried out 
their aanitaiy works perfectly, and yet at last be visited by some 
particular type of low fever for which they could not account. 
it was well known that whenever a certain volume of water or 
sewage was discharged into a di'ain it would displace an equal 
bulk of mephitic air. And the house being the weakest point, 
partly on account of its high temperature, the foul air would be 
most likely to enter it, Eain-water pipes could not effectually 
act as ventilators if tJiey were not constructed for that purpose, 
for at the time of stoims when they wei-e required to do duty 
as ventilators, they were acting in their proper capacity of rain- 
water pipes, 

Mr. Chdhch said that he fully indorsed the remarks of 
Mr. Latham, as to the necessity of ventilation, and he was of 
opinion that where a proper system of sewage had failed the 
failure had been entirely due to defective ventilation. He did 
not wish tr dispai-agingly of the paper, because any one 1 

who brou ler before the Society was deserving of credit, j 
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Ent no ono ouglit to allow to pass unnoticed a principlf 
in hia opinion was ijicorrect. The Faroham sewerage a.[ ^ 
to have several radical errors in it. Modem engineers must 
acknowledge that the method of disposal there adopted was in- 
correct. He believed that the question of the utilisation of 
sewage was fully settled. He did not know any case in which 
the olitisation system, properly applied under skilled engineering 
superintendence, had been a failure. In the town of Ohelmsftrd, 
with the Local Board of which he was connected, they had had 
some considerable difficulty in the disposal of the sewage. The 
sewers were carried out about fifteen years ago, and at that time 
the general notion was to put the outfalls into the rivers. The 
outfall in the case of Chelmsford was put into the river Chelmer, 
and the sewage became a source of pestilence to the iuhabitants, 
and blocked up a!! the mills. Tlie vice-Chancellor was appealed 
to ! an injunction was granted to restrain the local autaorities 
from putting the sewage into the river ; the whole question was 
considered, and the sewage was now being utilised most success- 
fully J although the land had a very wet bottom, the yield of 
Italian rye-grass had been from forty to fifty tons per acre. 
Another point to which he would allucle was that the paper men- 
tioned a pipe sewer with a gradient of one in 1300 ft. Sucli a 
gradient was altogether inconsistent, and one which was practi- 
cally ineffectual. 

Mr. Olkiok said the paper ought to have given an analysis 
of the water supplied to the inhabitants in order to show Its 
quality, more paticularly as it was laid on direct from the mains 
into the houses, and there were no intermediate cisterns. Cij- 
tems were failures In a great many cases because the favourite 
place for the cistern was at the top of the water-closet. In 
many cases the water-closet would be out of order, and, conse- 
quently, the stench from the water-closet would get absorbed by 
tne water. In such cases, by the time that the water was about 
to be drunk, it had become deteriorated by a great amount ot 
decomposed organic matter. In his own house he used an animal 
charcoal ciatem-filter, and he found that it was the best remedy 
against drinking impure water, because it filtered the water just 
at the time it was required for use. In the case of Fareham 
the water was supplied direct from the mains, and there was no 
possibihtf of filtermg it at the time of drinking it. 

Mr. UsiLi. said that wliatever the demerits of the Faroham 
drainage might be, ho did not consider that Mr. Buckham was 
responsible for them, as he took office when a thii-d of the 
works liad been carried out, and he had to complete the plans 
commenced by his predecessor, and he made such improvements 
as he deemed neceasaiy, and the state of tlie works adm.ittad. 
e2 
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lie (Mr. Usill) could not agree with the reraarlcB of the author i 
that as yet nothing definite had Leen settled as to the merits of 
the system of imgation. The successful results which had 
been obtained at Croydon and elsewhere, gave sufficiently c 
elusive proof of the superiority of irrigation over all other 
schemes. j 

Mr. Fisher asked what data were given for the thickness of | 
the stoneware pipes, and how the pipes were jointed. The 

taper stated that the house drainage was jointed with cement, 
ut it stated nothing about the other drains. If the drains were 
jointed with cement how was a stoppage got atf He also 
wished to know what sort of ventilators were used for holding . 
tlie charcoal. J 

Mr. BuCKHAM, in reply, said that his object in bringing the I 
drainage of Fareham before the notice of the Society was tol 
raise a discussion. The man-holes were placed at the tops of 1 
sewers with steep gradients, and very near together in sewers 1 
■with flat gi-adients, so that there was an ample opportunity of 1 
getting at the sewers and giving them a. good flushing without I 
affecting the pipes. The storm outlets were designed by him, J 
and, on a recent visit to Fareiiam, after an absence of five years» 1 
he found that they were acting most efficiently. Mr. Latliam f 
had remarked upon the disposal of sewage, but he (Mr. Buck- 
ham) questioned whether Air. Latham's experience was suffi- 
cient to enable him to form an adequate opinion as to the results 
of irrigation. He (the. author) acknowledged that the practice 
of dischargmg the sewage from the town of Fareham mto the ■ 
estuary of Portsmouth Harbour was not effectual, and the reason 1 
was, because it was not jiroperly deodorised. There was much 1 
to be said in favour of the adoption of sewage for the pui-pose of 
fertilising land. Tliere was no doubt that it was the most 
efficient way of using it. The statistics from Barking, which 
was said to be the best irrigated farm in the country, showed 
that the crops averaged 60 tons per acre, and that last year the 
yield was 70 tons. Mr. Latham had stated that lime did not 
destroy the fertilising qualities of the sewage. He (Mr. Buck- 
ham) was afraid Mr. Latham had never tested that point. In 
the district of Fareham, where the lime had been mixed with 
the solid portion of the sewage, the farmers stated positively 
that it destroyed the fertilising property of the sewage, and he 
had visited several farms where the lime and sewage had been 
placed upon the land, and found that tliey were inferior in. 
condition to their state before they were so treated. They were 
afterwards treated with sewage in which there was no lime, and 
the result was much better than when the Hme was used. With 
regard to the question of ventilation in the Fareham drainage, 
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he could assure the meeting that every attention had heen paid 
to that point. As to the flow of sewage through drains, no two 
engineers in the metropolis would agi-ee on that point, bo that it 
would have been useless for him to give data as to the flow, for 
nobody would have believed it. The actual flow was 240 gallons 
per house per day. Mr. Church said that a gradient of 1 in 1300 
in a sewer was a mistake ; but his (Mr. Buckham's) experience 
was, that there waa not a sewer in the Fareham district which 
acted better than the one which was laid with that gradient. In 
the metropolis, sewers had been laid with a fall of two feet to 
the mile. He had recently constructed thirty-two miles of sowers 
for the parish of Battersea. One of those sewers had only 
a gradient of 1 in 2600, and it acted veiy well. That, however, 
was nothing to what the Metropolitan Board had done. The 
Southern Low Level was constructed with a fall of two feet to 
the mile. Where there was a supply of water for flushing, a 
sewer with a gradient of 1 in liJOO was a very good one. lie- 
ferring to the water supply, he would observe that the advantage 
of having the mains attached to the houses was very great. A 
constant supply could be got without the labour of pumping, and 
in case of fire there was the water ready to estinguiah it. A 
filter bed was not required, because the water came into the well 
at the rate of 15,000 gallona per Lour. It was thence pumped 
into a reservoir, and distributed amongst the inhabitants. Tlie 
Fareham reservoir was constructed with perpend iculai- walls, 
18 in. in thickness, puddled at the back with puddling 12 in. 
thick. There were cross walls, as shown on tlie plan, to give 
support to the others, and those walls had circular holes to allow 
the water to pass from one part to another. The pipes at Fare- 
ham were jointed in cement, and every tenth pipe was a half- 
socket pipe, so that it could he easily removed in the case of any 
stoppage on the insertion of a junction. He (Mr. Buckham) 
was happy to say that during the eight years the Fareham 
sewers had been in action, no stoppage had occuiTed. The 
depth of the sewers throughout the town varied from 4 ft. to 
9 It. He beheved that the Fareham system of sewerage was 
perfect as regarded drainage and water supply, for every house 
in the town was connected with the sewers, and the water was 
laid on at all the houses for the closets and domestic purposes. 
In reply to a question as to the former and present death-rates in 
Fareham, Mr. Buckham stated that in 1858, it was 16 per cent,, 
and now it was more. 

Mr. Church said that he considered that the question of tho 
rate of mortahty was most pertinent, because Mr. Buckham had 
spoken of the system as bemg most perfect. He had, however, 
now almost in the same breath shown it to be most imperfect. 
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With regard to gradients, he must protest against its going forth 
from the Society that two feet in tne mile was sufficient fall for 
a pipe-drain. It might be, and no doubt was, sufficient for the 
metropolitan drainage, where the sewers were 7 ft high, but they 
were not to be compared with drains of 18 in. in diameter. He 
protested, as an engineer, that the gradient, to which he had taken 
exception, was insufficient. 

Mr. BuCKHAM said that the reason he had stated that Fare- 
ham was the most perfectly drained town in England was, that 
every house was connected with the sewers, and that every house 
was connected with the mains for a supply of water. The death- 
rate might have increased from the fact that the sewage flowed 
into Portsmouth Harbour, which ebbed and flowed, and of course, 
gave off noxious gases. 

The President, in closing the discussion, remarked that 
although the paper had elicited an expression of differing 
opinions with regard to the scheme of drainage it described, they 
were indebted to Mr. Buckham for bringing the subject before 
the Society. The question of sewage was one of the utmost 
importance in the present day. The general feeling of the 
meeting seemed to be decidedly in favour of irrigation, in oppo- 
sition to the plan which Mr. Buckham had been carrying out at 
Fareham. The author of the paper had remarked that suffi- 
cient time had not elapsed for Mr. Latham to be able to state 
with certainty whether irrigation would be permanently suc- 
cessful, but still Mr. Latham had the advantage of seeing that, 
wherever his system of irrigation had been carried out, the 
death-rate had decidedly decreased. Mr. Buckham's scheme, 
however, was not in the same favourable position on that point. 
Ho, the president, congratulated the Society upon the interesting 
information which had been elicited during the discussion. 
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March Ut^ 1869. 

F. W. BRYANT, President, m the Chair. 

ELECTRIC TELEGRAPHY, IRRESPECTIVE OF 
TELEGRAPHIC APPARATUS. 

By E. G. Bartholomew. 

The extent of this interesting field is such that it is not 
attempted within the limits of a paper to enter fully into every 
point of detail which the subject embraces, and the author has, 
therefore, deemed it sufficient for the purpose to select such 
features as either in his estimation present difficulties to the less 
initiated, or contain within them grounds for discussion. He is 
aware that many facts connected with every subject, which, to 
those whose every-day life is more or less associated with it 
become matters oi course, are nevertheless to many replete with 
that which requires explanation, but as it is hoped such points 
will crop up in the course of the discussion, he is content to con- 
fine himself for the present to what appears to him worthy of 
notice. It may be further added that matters which possess 
interest, and nothing more, have been avoided ; and, moreover, 
that as it would have been impossible to do justice to the sub- 
ject of telegraphic instruments and apparatus upon the present 
occasion, any allusion to them in respect either of theur con- 
struction or use has been omitted. The allusion to a galvano- 
meter in connexion with inductive charge and discharge has 
been necessary for elucidation. 

The subject may be divided into the two branches which 
appear to be both obvious and necessary, since each branch 
contains facts totally distinctive and peculiar to itself ; these 
branches are: telegraphy as applied to land lines, and tele- 
graphy as applied to submarine lines. There is also a third 
$vi8ion of tne subject — subterranean telegraphy — ^which occu- 
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Mee, as it wer^ a middle po?iiion between these two, 
IS betler CDnsidered m coiiDexion with submerged lint 

The development of land telegraphy had, until within the last 
four years, attained a decidedly higher stage than had snbmaiTna 
telegraphy. The experience gained in the one had been greater 
— the subject did not in itself present so many difRciilties — and 
it did not involve a knowledge of certain physical facts which it 
was evident, even in its earlier days, the latter necessitated, and 
which became more obvious as the subject progressed. It is 
mechanical knowledge wliich assists ns the most in the con- 
struction of a land line, whereas the manufacture and submer- 
fence of a telegraphic cable involves, besides that, in a much 
igber degree, an acquaintance with many chemical facts, and a 
knowledge of the laws by which electricity is governed, to a 
much greater extent than is necessitated in the former case. 

First, with respect to land lines: the conductor demands 
special attention. If a completed line of telegraph be compared 
to a " permanent way," the conductor or line wire represents 
tlie "metals." It is usual, or at least desirable, to proportion 
the weight of the rail per yard to the traffic expef tecT, and it is 
njually necessary that the conductor in a line of telegraph 
should be proportioned to the work it has to perform. It must 
not, however, be exactly proportioned, as will be seen from a 
further consideration or the subject. The duty of the con- 
ductor is to convey the electric current at all times whea 
required, and under all circumstances which may arise, witliout 
opposing unnecessary resistance to its progress. A certain 
wnount of resistance is unavoidable, but when this becomes 
excessive it will produce a variation in the carrying capacity of 
tho wire under differing atmospheric conditions, besides causing 
uuiformly indistinct signals, unless the midesirablc alternative 
W adopted of increasing the battery power io order to coinpen- 
ito for, or overcome, the resistance. 
'lltf /{fneral question of resistance (R) is one of serious 
UHMUVKt, and of great interest in all electto-telegraphic matters, 
util kIiIihu^Ii thin remark more fully applies to submerged con- 
iku'k4«i ,V'>1 it must by no means be lost sight of in open wires. 
n U \li,<i'titnh>iit upon tliree conditions: the length of the coii- 
(.tw^U' <>* wi>lli>tiul aruu or diameter, if round, and the material 
i\ i w'i'iii "l'. All dubstuncos are conductors of electricity to a 
■ I'l. M\\\ nil substances resist its passage to a certain 
' <■ \vnt i-lmructoristics are the converse of each other; 

L )ii«l lilt" host resist the least, and vice versa, 

. ' . ' r n-' ' made equal to a better by in- 
'ta weight per mile. Thus, the 
bout eight times that of iron, 
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but an iron wire of -3 inch will equal in conductivity a copper 
wire of ■! inch, from which it appears that R is in airect pi-o- 
portion to the area of the cross section. Again, R being in 
inverae proportion to the length of the conductor, a Hue of one 
mile of iron wire will eqnal in H a line of eight miles of copper 
wire, their diameters being the same. 

There are several i-easons why, in suspended lines of tele- 
graphy, galvanised iron wire has become the universally adopted 
material for the conductor. It is less expensive than copper- — it 
will bear a higher strain without breaking — and it is not subject 
to rapid deterioration. There are two tests which the wire 
should undergo before being suspended — that is, if it is a solid 
and not a stranded wire whicli is to be employed ; a shoi-t sample 
from each delivery should be held firmly by one extremity, and 
a narrow streak of ink or some black pigment should be drawn 
down it upon one side from end to end in a straight line. The 
free end being then attached to a cross handle, tne wire should 
be twisted in tlie same direction until it breaks ; the number of 
twists per foot can then be counted by the black spiral formed. 
A good No. 8 wire will stand from twenty to forty twists per foot. 
But the most necessary test to which a wire can be subjected is 
that of longitudinal strain. This must not be confined to short 
lengths. The quality of the iron may be good, but from, want 
of care in making the welds there may be faulty places, and if 
the sample subjected to this test happens not to contain a weld, 
it may pass muster. The straining of a sample will prove the 
quality, but in the erection of a telegraph this is not sufficient. 
In this case, the whole length of wii-e, after being drummed out, 
should be tested in sections of from a quarter of a mile upwards, 
according to circumstances. The strain should bo applied until 
the wire ceases freely to elongate, long before which period all 
bad joints and fauhy places will have given way, and having 
stood this strain, the wire will be found to have lost all its 
" spring," and to be more convenient for handling. In this state 
it IS said to be " killed." 

With respect to the gauge of the wire, it has been shown to 
depend upon the length of the cii'cuit of which it forms part. 
No doubt, in view of the law of E, every difEerent lengfli of 
cireuit might have a different sized conductor, but other con- 
siderations step in. Suppose a wire to be Just sufficient in its 
capacity for its work when newly erected, it is evident that 
directly it becomes reduced in size, owing to oxidisation, it 
becomes too small ; more battery power must then be applied to 
overcome the increased E. Again, as every instrument inserted 
in 8 circuit adds very considerably to the R of the whole, it 
is obvious that the addition of a single mstrument to a circuit 
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already carefully calculated cannot fail to be detrimental. But 
lastly, if a wire be only just large enougb for its work in dry 
weather, or when the line is well insulted, any circumstance 
which diminishes the insulation — that is, which causes leaks for 
the escape of the current — will increase the tendency of the 
current to leave tlie line wire to a greater extent than if the 
capacity of the line were ample. This latter point needs some 
explanation. The fundamental principle which should govern 
the construction of eveiy electric telegraph is, that the battery 
current should be compelled to traverse the entire circuit without 
loss or unnecessary hindrance. Electricity is a swift agent, but 
even electricity will save itself unneceasai-ily long journeys when 
it can. If it detects en rmtte a loophole, however minute, it will 
escape in a greater or less degree, the degree being proporlaonate 
to the facility for its escape. This is indeed a popular way of 
regarding R ; the largest amount of electricity will travel by the 
route on which it meets with the least R. If, then, the con- 
ductor bo of ample area, the facility it offers for the passage of 
the current along itself will be greater in proportion to any given 
fault or faults than if it be only just sufficient ; and therefore 
the divergence of the current from the line will be less. 

Glass, earthenware, porcelain, ebonite, are all exceedingly low 
conductors of electricity, but when their surfaces become moist 
the moisture conducts. Rain water is pure water, or nearly so, 
when first it falls, and in this state conducts 3377 millions of 
times less than iron ; it is, therefore, only when the length of a 
line is such that several thousand insulators, or points of support, 
occur throughout it, and when all these are simultaneously wet, 
that any appreciable loss of current takes place. Tliis is suppos- 
ing the insulators were free from dust when wetted, for if dusty, 
or snotv, and then wetted, the loss is greatly more appai-ent. In 
the, neighbourhood of large towns, ancl especially in the vicinity 
of certain manufactures, the loss is also far greater, owing to 
the salts with which the air is charged, and which the water 
absorbs. The importance of these well-known facts cannot be 
oveivestimatcd. If the R of the line, and the joint R of the 
faults be ecjual, then half the current is lost. The law of electric 
currents in respect of diverging paths, is that the amount of loss 
is in inverse proportion to the R of the paths. Upon lines where 
several conductors are attached to the same supports, the dust 
and moisture which accumulates, not only upon the insulators 
but tipon the surface of the wood between them, affords a path 
along which the electricity will creep, if possible, from one wire 
to others. Tins it will rcatlily do ii the insulatoi-s are not kept 
clean, since tw ire wires present less R than one. This 

creeping to ot shotdd be prevented as much as possible. 
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for it wi!l produce upon tliem signals not intended for them, 
thereby causing confusion. This is called " contact." It may 
be entu^ly removed by attaching a wire, called an "earth" wire, 
to each insulator support, and letting it pass down the pole into 
the earth, it acta by being a far less resisting medium than the 
damp surface of the wood. Tlie wire may oe with advantage 
extended upwards as well, and terminated iii a point projecting 
above the pole ; it will then act as a protection against light- 
ning. 

Tnere must, however, be a limit to the size of the conductor, 
and between circuits of greatly differing lengths it is quite per- 
missible to employ different gauges of wire. No. 8 B. W. G. is 
ample for a circuit of two hundred miles, but it is unnecessarily 
large for one of two or three miles. A very considerable 
number of circuits do not exceed this length — for instance, those 
employed in train signalling — and for tliem a wire of No. 11 
gauge is ample. Upon the other hand, for long through circuits 
of loui" or five hundred miles, it is desirable to increase the area 
of the conductor to about No. 4 gauge. In India, for local 
reasons. No. 1 is frequently employed. The greater cost of 
homogeneous iron wire renders it undesirable to be employed 
for ordinary lines of telegraph, neither is its superior strength 
necessary except for very extended spans. For over-houBc tele- 
graphs, where the spans are frequently from two to three hun- 
dred yards in length, and where the result of a breakage is 
serious, it is usual to employ a stranded iron wire. There are 
both advantages and disadvantages in the employment of a 
strand over a solid conductor. The strand is, perhaps, slightly 
stronger, weight for weight, than the solid wire, three No, 18 
gaugQ wires weighing 7"32 lb. per 100 yards, breaking strain 
6001b. ; a No. 13 solid wire weighing 7'05 lb., breaking strain 
568 lb'. The larger surface exposed to tho atmosphere is an ob- 
jection in the strand, but its greater pliancy makes it safer to 
handle in passing it across streets and over the roofs of houses. 
The size usually employed now is three strands of No. 18 gauge. 
Seven No. 20 gauge was formerly used, but the surface for 
oxidisation Is too considerable. 

With respect to insulators, their form should be such as — 
without .greatly increasing their size — shall jiresent the longest 
straight line of resisting medium between their support and the 
wire resting upon them. The " invert," either single or double, 
meets this requirement. In addition to the prolonged surface 
of resisting medium, that part of it underneath the bell will be 
less Bubject to the deposit of moistui-e than that which is exposed. 
Here tliere will often be a zone or belt of dry surface when the 
remainder is wet. Of course this form is no protection against 
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fog, which, it is well known, wiH find its way inside the neck of 
a bottle, but in rain the under side will be dry. The introduc- 
tion of a, metal cap over the earthenware was at one time pre- 
sumed to be an advantage in lieu of the insulatin" invert, because 
the heat which radiated from it quicUy dried up the damp 
deposited upon the opposed surface of the earthenware ; the loss 
of insulating surface was, however, a more serious disadvantage 
than any gam resulting from its adoption. 

Every form of invert has, however, its disadvantages ; for since 
it is impossible entirely to exclude moisture, even from the under 
surface, and as, whilst moist, dust vrill be certain to settle, bo 
whilst the first shower will wash all exposed surfaces clean, the 
under part will retain the dirt until eleanod by hand. The glaze 
upon tlie surface is of advantage, as it prevents the water form- 
ing a continuous film, allowing it to settle into unconnected 
drops. Glass is not a desirable material, because it more readily 
attracts moisture to its surface than porcelain. 

The chief causes of fracture in insulators are, stones tlirown 
at them through mischief — an annoyance to which they are 
particularly subject in the colliery districts— and the unequal 
expansion between the iron and the insulator in hot weather. 
To prevent the former, iron caps ai-e frequently employed as a 
protection at an increased expense and with doubtful success. 
The latter being more general, is a more serious matter, and it 
becomes necessary greatly to increase the strength of the insulator 
in that part into wlich the iron is cemented, or to introduce a 
yielding material between the iron and the insulator, a plan 
adopted in 1855 by the author, who dispensed altogether with a 
permanent lute, and introduced vulcanised rubber tube. This 
plan has stood the test of fourteen years with perfect success. 
Ebonite has been largely employed as an insulator. In itself, 
ebonite — which may be considered as indiarrubber deprived of a 
large proportion of its hydrogen by the action of sulphur at a 
certain temperature — is probably the highest resisting medium 
in existence ; but exposure to the sun's light causes the surface 
to oxidise, and in this condition it becomes porous, and permits 
the superficial absortion of moisture. 

Pig. 1 represents one of the 
■ai-ly forms of insulator, hnown 
I as the " cone," attached to the 
upright side anna of the old 
square posts by clips passing 
over the groove in the insulator, 
and either nailed to the arm, or 
ised through it, and fastened 
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Fig. 2. 



upon the inside by nuts. They were threaded upon the wire 
when it was run out, and in case any became broken after 
the wire was suspended, some of these cones were made with 
a slot extending from the outside to the hole. These could 
easily replace tne fractured ones, without the necessity of di- 
viding the wire. Even without the slot, this form of insulator 
was most inefficient, owing to the very limited surface of insula- 
tion, as shown by the dotted lines ; but the slot reduced this to 
less than an inch, reckoning from 
the top of the groove where the clip 
passes over the slot. 

Fig. 2 is an improved form of 
the above, presenting a much longer 
surface of insulation, and from being 
very open at the ends, affording a 
ready means of cleaning the inte- 
rior. This form is known as the 
" hour-glass." 

Fig. 3 is the radiating invert, a 
zinc cap being placed over the earthen 
stem to concentrate the sun's heat, 
and thereby rapidly to diy off any 
moisture which may have settled upon 
the insulator. The limited length of 
insulation has proved an objection to its 
use. 

Fig. 4 is an ordinary " invert." These 
have been made of a vast number of dif- 
ferent forms, some with a single bell, 
and some with a double. The space be- 
tween the bells should be ample, to pre- 
vent the accumulation of dirt and spi- 
ders' webs, which, when damp, destroy 
the insulation. The longer surface of 
insulation, part of which is always under 
cover, proves of great utility, and the 
invert, when kept clean, is undoubtedly 
the best form for an insulator. The 
iron bolt is fastened into the invert by 
sulphur, resin, or some other substance 
easily melted, the bolt and the hole of 
the insulator being roughed in order to 
retain the lute. 

Fig. 5 is Bartholomew's invert, in 
which the bolt is covered with a piece 
of vulcanised rubber tube, which being fig. 4. 




Fig. 3. 
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BtrainecL over tliG end of the iron ^ 
retains its natural size upon the top, 
and forms an elastic buffer, over 
which the insulator is put. This 
elastic medium prevents the expan- 
sion of the iron m hot weather irom 
bursting the insulator, and in con- 
l sequence of the invert being merely 
put over the iron, and retained upon 
it by the weigbt of the line wire, 
it ia easily taken off for cleaning, 
and can be readily replaced if broken, 
without necessitating the disturb- . 

an cc of the iron. 

Figs. 6 and 7 show the double invert ebackle, the pai-tlcular J 
form shown in the figures, being a modification of Mr. Cook's 





old insulator. A bolt is passed through tlio insulator, the pro- 
jecting ends passing tluxiugh two iron straps, A and B, which 
work upon a strong iron pin, P, which forms the head of the bolt 
to be screwed into the wood, or otherwise fastened as required. 
The line wire, L, is fixed to the stem of the insulator between the 
two inverts. In some cases a second and similar insulator and 
straps work upon the same pin P ; this arrangement, known aa 
Bright's, is convenient for over-bouse wires, which have fre- 
quently to make very acute angles to avoid intervening I 
buildings. j 

Fig. 8 shows the manner in which the insulator-bearing anna 
were formely fixed to the posts. Oval pieces of earthenware, 
0, D, with projecting ends, intervened between the ann and 
the post, wliilst a bolt passing entirely through from arm to 
irm, kept the whole secure. The bolt was prevented from tonch- 
ig the post by the hole being made considerably larger. This 
rangement insulated the arms to a certain extent from the 
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post, although the amount of iusulatlon butireon the wires upon 
the same arm was very limited. 

Fig. 9 sliows the hiiproved method of fixing the arms. The 
pole 13 notched to a depth of about an inch, the cross arm is 




tightly fitted into the notclij and a bolt is driven through both 
the pol? and the arm, and fastened with a nut and washer at 
the back. lu all cases where inverts are employed, the risk of 
a wire falling, when from its crossing a thoroughfare its fall 
would be serious, is prevented by a guard of wire fastened to 
the arm and encircling ivithout touching the line wire. 

The wooden supports upon which the wires are suspended 
form a very important item in a line of land telegraph. Origi- 
nally all telegraph poles were of foreign timber, cut out of the 
solid balk. In appearance they were unquestionably superior to 
the rough larch poles so generally adopted now, but their cost 
was considerably higher, and their durability not proportionate. 
The extreme mfference in the durability of timber placed in 
the ground has attracted the attention of engineers for a 
lengthened period 3 but the telegraph engineer has to deal with 
tiie question so largely, and it forms so important an item in his 
maintenance account, that the matter has nad very careful con- 
sideration at his bauds. 

The soil baa doubtless much to do with the durability of 
timber, but the condition of the wood when set has much more 
to do with it. The buttrcnd of an English larch pole of forty 
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years' growth, felled during the winter, and having at least one ' 
yeai''s seasoning upon it, will foi-m a good and durable support. 
In selecting the poles it is best to choose those whose section 
shows the annulai-s to be close grown, with a. fair proportion of 
"heart." Injections of creosote, or sulphate of copper in solu- 
tion, may be advantageous, but if the sap be thoroughly expelled 
before the surface is pmnted or tarred, the timber will last very 
well. Constant attention is needed, however, to the ground line, 
a foot above and a foot below. At least every alternate summer 
the ground should be cleared out for a foot in depth round the 
pole, and the timber allowed to flry. When dry, a plentiful coat 
of gas-tar should be applied, and the soil filled in ; the expense 
of this most necessary precaution will not exceed a few pence, 
whilst the advantage gained is very great. I 

It is necessary to test the intenor of the timber occasionally ' 
by inserting a strong knife-blade, for it frequently happens that 
a fair exterior covers a mass of interior decay, the result of 
having allowed the sap to remaui in the pores. Before the 
timber is placed in the ground it is advisable to char that part 
which will become the ground line, and to apply to it whilst hot 
— provided the sap has been entirely expelled — a mixture of one 
part of Stockholm tar, and four paits of gas-tar boiled with ' 
quicklime, to expel the water and ammonia. The ordinaiy life ' 
of a telegraph pole may be taken as fourteen years, but the 
author has seen poles which have stood for twenty-four years in 
by no means the last stage of consumption, and he has seen 
others nearly decayed through which have not been in the 1 
ground six years. He believes the cause of this remarkable 1 
difference is due solely to having disregarded in the latter case. 1 
the principles just alluded to, either wholly or in pai't. 

The remarkable facts which have developed themselves 
connexion with submarine telegraphy, and which render it so 
interesting and important a branch of the subject, were first ob- 
served in connexion with subterranean wires. In or about the 
year 1854, it was noticed tliat upon attempting to send a. current 
through two well-insulated buried wires between London and 
Manchester, the ends of which were united at Manchester, that 
an appreciable space of time elapsed between the transmission of 
the current into the one wire and its appearance at the other 
wire, provided the earth formed part of the circuit. That elec- 
tricity should occupy an appreciable period in traversing 400 
miles was a new fact ; and, indeed, when two suspended or open 
;vires of the same length were united in the same way, the time 
iccupied in the passage of the current was to all appearance 
oomenlai'v ; it could not therefore be the distance whicli caused 
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the delay. Again, if the buried wires were joined up so as to 
form a circuit wholly metallic, the eai-tli being excluded, the same 
retardation did not occur, 

The discovery of this fact, Its evident importance in connexion 
with submarine telegrapliy, the imperfect state of our knowledge 
of the laws which govern the phenomenon, a consideration of the 
immense value of submarine fines of communication when com- 
pleted, and the great pecnniary losses which had been incunv?d 
in futile attempts to by cables up to 1861, was an ample justifi- 
cation for the appointment of a Koval Commission In that and 
the previous year to investigate tlic entire subject. Out of 
ll,3d4 miles of cable submerged up to that period, but little 
more than 3000 miles were in working order, or earning a 
revenue. 

The same laws of II hold good with respect to submerged 
cpnduetors as with suspended wires, and it is not tlierefore 
necessary to repeat them here. Indeed, the law of induction 
also applies equally in each case, but the conditions necessai-y 
to its full development exist in so feeble a degi-ee In the case 
of suspended wires, that it is not to be wondered at that the 
effrcts of induction in connexion with telegraphy should alto- 
gether have escaped notice when no other fonn of telegraph 
existed. 

It may he necessaiy to offer a few words of explanation upon 
this point. If a wire, covered throughout its eiitn'e length with 
an insulating matei-Ia! — say, gutta-percha — be suspended upon 
Insulatora in the same manner as an ordinary open wire, it will 
present upon the anjilieation of a battery pole no features differ- 
ing from those whicli an open wire woidd manifest under like 
conditions ; hut if the same covered wire be laid in water or 
moist earth, it Is found that when the battery is applied in 
the manner shown in Fig. 10, the galvanometer will indicate 
that a momentary rush of electricity passes into the wliv. This 
rush is called the "charge," and the wire is then said to be 
"charged." If the battery be now withdrawn, and an earth 
wire put in its place, the galvanometer indicates that another 
rush of electricity passes out of the wire Into the earth. This 
second effect is called the " discharge." Now as no such pheno- 
menon occurs when the insulating wrapper of the conductor is 
itself insulated, the inference is that tlie charge and discharge 
are dependent iipon the combination of just two conditions — 
namely, that the wire shall be insulated, and the insulator not 
insulated. In another point of view we have the insulator — the 
dielectric— placed between two conductors, and in this lies the 
secret of the phenomenon. 
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Let an insulated wire, C, Fig. 10, be coileil into a tub of wa 
one end of the wii-e being free and tlie other end connected with | 




one terminal of a gnlvanonaeter, G. Now, let a wire, E, fi'oin^B 
one pole of a battery, B, be led into the water. When contact T 
is made between the other pole of the battery and the other tei-- 
minal of the galvanometer, a sudden and momentary deflection 
of the needle ensues, the needle cjuickly returning to zero. If 
now the battery pole be withdrawn from the galvanometer, and 
the wire, E, be substituted, a similar but opposite deflection of J 
the neeio occurs. The phenomenon may be thus explained : — 'I 
The wire dipping into the water may be regarded as the earths 
wire, and this conveys the tension of that pole of the batteiy with 
which it is connected, to the water, and by it to the whole exte- 
rior surface of the dielectric. The other batteiy wire, when con- 
nected with the conductor, conveys in like manner the tension 
f i-om the other batteiy pole through the galvanometer to the con- J 
ductor, and through it to the whole interior surface of the^l 
dielectric ; and it la tlie passage of this electrical tension into 1 
the conductor which produces the momentary deflection of the 
needle. As soon as the entire surface of the dielectric is "charged" 
with this tension, no further passage of electricity occurs, and, 
therefore, the galvanometer needle returns to zero. The tension 
thus communicated to the two surfaces of the dielectric will 
remain upon them, even after the battery wires are withdrawn, 
in consequence of the high resistance which the dielectric offers 
to the passage of the electi'idty through itself. But when the 
wire, E, representing the entire outside surface of the dielectric, 
is brought into contact with the inner surface through the 
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medium of the conductor, the two opposite electric tensions 
neutralise eacli other, and the passage out of the conductor, or 
the " discharge" being in an opposite direction to the " charge," 
the deflection of the galvanometer is in the opposite direction to 
that imparted by the " charge." 

A somewhat more famihar illustration will perhaps assist to 
make the point clear. If a common Leyden jar, or a sheet of 
glass, be coated upon each side within a short distance of its edge 
with metal foil, and a battery of high tension be applied, one 
pole to one side, and the other pole to the opposite side, the two 
surfaces of the glass acquire tne same tension as the battery 
poles, winch the metal coating quickly distributes over the area 
they cover, and as the intervening glass is an exceedingly bad 
conductor — ^that is, interposes immense B to the passage of the 
current both over it and through it — these surfaces will retain 
their respective electrical states even after the battery is with- 
drawn, until connected together by a better conductor; and 
•vhen they are so connectei^ the discharge of this tension passes 
through the conductor and becomes manifest upon a galvano- 
meter placed in ita circuit, the amount of the awing produced 
upon the needle indicating the amount of discharge. The amount 
of charge can be ascertained by inserting the galvanometer in 
the circuit "if one of the battery poles. The proof tliat the charge 
is an effect entirely distinct from the constant flow of the cuiTeiit 
caused by any leakage in the dielectric is, that as soon as the 
surface is cliarged, the galvanometer needle will return to zero, 
although the battery contact is maintained. 

It has been found by experiment that different dielectrics will 
take different amounts of charge and discharge ; this amount is 
termed the " specific inductive capacity." It has also been 
found that the tnickness of the dielectric has an influence upon 
the amount of induction. 

To return to this subject as it affects cables, it will now be 
easy to trace the analogy. The copper wire is one conducting 
surface, the water or moist eai'tb is the other, and the insu- 
lating wrapper is the dielectric. The surfaces of the con- 
ductors may be represented respectively in terms of the 
diameters of the copper and of the dielectric, and, combining 
all these conditions, we obtain the following formula, which 
represents the capacity of a unit of length of a submerged and 
insulated conductor for charge, this being called its " electro- 
static capacity" ; 

I 
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in which I is the specific inductive capacity of the dielectic, D' 
its tliameter, and D the diameter of the conductor. It is obvious, 
liowever, that as sui-face has so much to do with the absolute 
capacity of a cable, tlie length of tho conductor will exercise a 
material influence upon the actual amount of charge. This is 
gfuned by multiplying the resnlt by the length. 

It is natural to inquire what importance is to be attached fo 
the amount of charge and discharge which a cable is capable of 
giving. The reply will be seen at once from the fact, that upon 
it depends the speed at which a cable is capable of transmitting 
signals — its speaking capacity'. However large may be the, 
electro -st-atic capacity of a cable, the whole of the charge and 
discharge which enters and loaves, must enter and leave it 
through the section of the conductor, and both these operations, 
when the charge is great, occupies an appreciable time. It 
would seem from this that by diminishing the resistance of the 
conductor, giving, that is to say, greater facility for the escape 
of the charge, we should dimmish the time occupied. This is 
true, however, only up to a certain limit, for it must be remem- 
bered that by increasing the diameter of the conductor, we also 
increase its surface, and that in a higher ratio than the resistance 
diminishes, A reference to the formula shows that as D in- 
creases in value, the entire expression increases also. 

The rate at which a cable can charge and discharge itself is 
proportioned to the square of the length, other things bein^ 
equal ; and the speed of charging and discharging is after all 
only another mode of expressing the speed of working, because, 
before a second signal can enter the cable to be effective at the , 
farther extremity, tlie first must be got rid of, unless every 
signal, and every interval between a signal, be exactly equal in 
duration ; but as iii practice this is unattainable, it is of the 
utmost importance that evei-y means should be adopted to reduce 
the induction. 

The enormous inductive surface of a long cable is startling. 
A single mile of No. Hi gauge wire presents a surface of 85*t'5 
square feet, but even tiiis does not represent the extent of in- 
ductive surface ; and sucli a wire in a cable 1000 miles in length 
contains almost exactly two acres of surface. Each of the pre- 
sent working Atlantic cables contains au area of conducting sur- 1 
face exceeding eight acres. ' 

A consideration of the various dielectrics winch have been 
employed in the construction of submarine cables, either experi- 
mentally or in actual practice, will prove both interesting and 
instructive. A large number of substances were submitted to 
the Committee of Investigation of 1860-61, and a very careful 
and prolonged series of experiments were conducted, in order fo j 
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ascertain their merits and demerits. Almost the whole of them, 
however, contained either gutta-percha or india-rubber, either 
pure or in combination with some other material. 
They were all subjected to the following tfests : 

Inductive capacity. 

Insulation under changes of temperature. 

Insulation under water pressure. 

Absorption of water. 

Effect of daylight. 

Effect of exposure to the atmosphere. 
The result of these experiments may be briefly summed up as 
follows : 

The inductive capacity of caoutchouc is less than that of 
gutta-percha in the proportion of '8 to 1*0 ; its insulation specific 
R is more than twenty times greater ; it absorbs more water 
superficially, but the penetration of the water is not considerable. 
Both caoutchouc and gutta-percha absorb from three to five 
times less sea-water than fresn, and the Salter the water the less 
they absorb. The insulation of gutta-percha decreases under 
increased temperature much quicker than caoutchouc. 

The quality of gutta-percha for telegraphic purposes has been 

freatly improved within the last few years. Its specific R has 
een nearly doubled since 1864, and the author has seen gutta- 
percha which had been submerged in water at 100°Fahr. exhibit- 
mg but little diminution of R. 

In the construction of a submarine cable it is desirable, after 
having decided upon the core, to make the outer portion — the 
protectintT covering— of such a low specific gravity compared 
with its longitudinal strength, as that the completed cable shall 
be capable of supporting a very large excess oi its own weight, 
when submerged in the deepest soundings in the proposed line 
of route. The wisdom of this precaution will be seen wlien it 
is remembered that it is not always possible to lay a cable un- 
iiitermittently. Many causes may and do continually arise for 
necessitating the stopping of the paying out, and when this 
occurs, the cable has sometimes to do the double duty of bearing 
all the strain due to its own weight, and also to hold on the 
ship. But more than this : if a fault has gone overboard, it is 
imperative not only to cease paying it out, but actually to haul 
in perhaps some miles of wliat is already submerged. Every 
one knows or can understand the vast difference of strain upon 
a cable when being hauled in, and when being paid out. The 
narrative of the laying of the Atlantic cable of 1865 is worth 
the perusal of all who take any interest whatever in these matters. 
It will be found to contain much that is instructive as well as 
deeply interesting. (See MacmillarCs Magazine^ for September, 
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1865.) The last two Atlantic cables — ^those of 1865-66, com- 
bined the essential characteristics of low specific gravity and high 
breaking strain in an eminent degree. The deepest soundings 
between Ireland and Newfoundland do not exceed 2400 fathoms, 
or less than 2^ nautical miles^ yet these cables were calculated 
to bear eleven miles of their own length in water. 

A comparison of the principal features in the old and new 
Atlantic cables may be instructive : 

Old Cable (1858). New Cable (1865). 

conductob. 

A strand of 7 22-gauge cop- A strand of 7 18-guage cop- 
per wires, weight per knot, per wires, weight per knot, 
107 lb. 300 lb. 

DiELECTBIC. 

Three coats of gutta-percha, Four coats of gntta percha, 
weight per knot, 261 lb. alternate with Chatterton's 

compound, weight per knot, 
4001b. 

EXTEENAL PbOTECTION. 

Eighteen strands of charcoal Ten solid wires of homo- 
iron wire, each strand composed geneous iron, No. 13 gauge, 
■ of 7 22^-gauge, laid over nemp each wire covered separately 
saturated with tar. with Manilla yam saturated 

with preservative compound, 
the whole laid over jute yam 
saturated with preservative 
compound. 

Weight in Aib. 
20 cwt; per knot. 35| cwt. per knot. 

Weight in Watee. 
13*4 cwt. per knot. 14 cwt. per knot. 

Bbeaking Stbain. 
3 tons 5 cwt. 7 tons 15 cwt. 

In a few unimportant respects the cable of 1866 diflfered fipom 
that of the j)revious year, its specific gravity was somewhat 
higher, but this was compensated for by its increased breaking 
strain. The advantages in the employment of a stranded con- 
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ductor over a solid wire, when the metal employed is one to which 
a high test for longitudinal strength cannot be applied, as is the 
case with copper, is very apparent. If in a single wire a fault 
occur, or a bad joint be made, complete loss of continuity results 
from its yielding, whereas in a strand, care being taken that the 
several wires are never joined at the same spot, if any one wire 
give way, others remain effective. 

The conductor of a submarine cable is invariably copper. It 
has been attempted to introduce those wires whose function is to 
take the strain off the copper into combination with it, and so by 
increasing its area to reduce its resistance, but this has only been 
done experimentally, and is not regarded with favour. It may 
therefore be assumed that the conductor is in all cases copper. 
Its high specific conductivity permits of a small section, and the 
small suriace which this involves means decreased inductive 
area — a point which has been shown to be of paramount import- 
ance. The weight of a copper strand of 7 wires — 6 round 1 — is 
as compared with a solid wire of equal diameter, as 54 to 69. 

The conductivity of copper varies immensely, the difference 
being traceable entirely to the admixture of foreign matter. 
Pure copper being regarded as 100, the addition oi 2*45 per 
cent, of silver — an equally good conductor — reduces its con- 
ductivity to 82*52. An addition of 5*4 per cent, of arsenic, a 
metal frequently found in combination with it, reduces its con- 
ductivity to 6*42. Some specimens of Spanish copper, owing to 
the presence of arsenic and other impurities, conduct no better 
than iron. The existence of these facts has pointed out the 
necessity for adopting a standard of R in testing copper for 
electrical purposes. What this standard is may perhaps scarcely 
be said to be definitively settled yet. It has engaged the attention 
of a committee of the British Association for several sessions. 
The standard of R in former use was equal to one mile of No. 16 
copper wire pure, which was regarded as a unit, but the British 
Asg^ociation nas deemed it advisable greatly to reduce this unit 
of measurement. 

Whatever standard is adopted, temperature must be carefully 
considered. A rise of 4*4° Fahr. causes a loss of 1 per cent, in 
the conductivity of copper. Alloys vary very much less under 
changes of temperature than pure metals, and hence an alloy is 
the best material to employ in the construction of a standard, or 
in the making of artificial resistances. German silver, an alloy 
of copper, nickel, and zinc, is an excellent material for the 
purpose. * 

AH cable cores — by which are meant the conductor and its 
insulating wrapper only — ^both before and after covering them, 
should be kept submerged at a temperature as nearly that of the 
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ocAanatgreatdepthsaspnssib!*?; thisis39°Fa1ir. Sytlic adoption 4 
of this precaution, faults occuwiiia during the manufacture ars * 
at once detected. The desirability of keepine the completed 
cable permanently submerged is shown from tlie fact that the 
Malta and Alexandria cable of 18G1, covered with 18 No. 11 
ii'on wires, was coiled after completion into leaky tanks, the J 
water being occasionally renewed. The iron sheathing was I 
therefore alternately wet and dry, and the result was such a 1 
rapid oxidisation of the metal that it generated heat to the estcnt ' 
of 8G° Fahr. Such a result should be cai-efully avoided, because, 
if gutta-percha be employed, it becomes soft at high tcmpci-a- 
tures, ana if in this state the core is bent, the copper strand is 
liable to become decentralised, even if ic does not, as has more J 
than once occurred, altogether protrude from the gum. The I 
uncovered core of a cable should never be subjected to a high 1 
strain. If sti'etched, the copper will permanently elongate, ' 
whiUt the percha will to a certain extent return to its former 
length ; the result of this is that the copper will buckle, and 
alter its position, if the outer wires are on, the elongation is 
prevented to any serious extent. * J 

With respect to the elongation of iron wire, it may be men- I 
tioned that No. 8 gauge will vary from lO'S to ll-lS per cent. I 
before it breaks. The softer tlie wire the more it will elongate, J 
and the less strain it will bear, 1 

Subterranean wires, it has been shown, being under the same I 
laws of induction as submerged wires, manifest the phenomenon | 
to an equal extent. The conductor is always copper, covered 
either with gutta-percha or india-rubber, and protected outside 
usually by strong tape laid on spirally and passed through tar, , 
and plentifully spnnkled with sharp sand before the tar solidifies. J 
The sand adheres to the surface embedded in the tar, and forms J 
an admirable protection to the whole. If the wire in this state 1 
be drawn over a brick, it will saw the brick in two. I 

It is usual to protect buried wires when laid under streets by I 
drawing them tni'ough iron pipes, but, in country roads, a stout ] 
wooden guttering may be sufficient. An economical plan, and I 
one which answers well in some localities, is to take out a trench ' 
about 18 in. deep, and to sift a portion of the thrown-out soil 
back into the trench, then lay in the covered wires and sift over 
them another portion of soil, laying upon this the larger and 
flatter stones, over which the remaincler of the soil may be thrown 
and rammed in. 

The advantage of teat boxes at inteiTals along a length of 
buried wires is doubtful. Tliey may aud do present facilities 
for dividing the circuit without breaking the wire ; but every 1 
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test box is more or less a source of leakage, a loss of insulation. 
Ground test boxes are decidedly objectionable ; upriglit boxes 
are belter. The position of a fault, not of continuity but of insu- 
lation, may be very closely calculated, provided the elements of 
the core are well known previously. It resolves itself into a 
question of K, which is proportionate to distance. 

A few general remarks upon the submergence of cables may 
be instructive. This is an operation in which too much caro 
cannot be taken. Kemembering that wliether the operation be 
a long or a short one, eveiy moment of the time the cable is 
going overboard is a moment fraught with risk to the enterprise, 
it is evident that no precaution should be omitted, tJie neglect of 
which would endanger the cable. Every means should be 
adopted to prevent a stoppage in the paying out, or even a dimi- 
nution in the speed of trie cable, and the deeper the water, the 
more urgent is this precaution. Great attention must be paid to 
the dynamometer, so that, the breaking strain of the cable being 
known, an ample margin may be given the breaks. But, after 
all, no positive rule can be laid down for the paying out of a 
cable. A man of ability will adapt bis aiTangemeuts to the 
requirements of tlie situation, which will vary with weather, 
depth of water, and casualties which may, and indeed must 
arise. A general rule may, however, be kid down which applies 
particularly to great depths of water, which is, that the safety of 
the cable when being payed out is increased by an increase in the 
ship's speed, provided always that the staff of cable men can 
keen pace with the speed at which the cable travels. The more 
rapidly a cable leaves the ship, or rather the more rapidly the 
ship leaves the cable behind, the greater will be the angle be- 
tween it and the perpendicular over the stern; the cable lies 
more horizontally upon the water, it sinks less rapidly, and 
requires less pressure to be applied to the breaks. Tliese are 
self-evident conclusions. 

The snccessful laying of cables in 2400 fathoms, and, above 
all, their successful recovery in like depths, affords a sufficient 
proof that no difficulties, not surmountable, need be feared in 
the laying of any future cables in fathomable depths ; but when 
we come to speak of the permanence of cables, however success- 
fully laid, the aspect of things becomes changed. No guarantee 
can be given in this respect. 

The character of the ocean's bed varies immensely. In the 
Mediterranean, the unevenness and inconstancy of the bottom 
in the volcanic area has proved singularly fatal to the continu- 
ance of cables. On this account great judgment is needed in 
the selection of a suitable route by careful pre\-ious soundings. 
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The bottom of tlic Atlantic between Ireland and Newfoundland 
proved to be eminently adapted to tlie reception of a cable. For 
28 degrees of longitude the depth of water varied, with yery 
trifling exceptions, from 2000 to 2300 fathoms, and the bottom,, 
witli equally trifling exceptions, consisted of a species of ooze, 
found, iipon a microscopic examination, to consist of minute 
shells. The presence of these shells has been regarded as a 
satisfactory proof that at the gi'eat depths of the ocean the water 
is in a state of rest, and that any cable being once laid there will 
remain undisturbed. The landing-place of a cable is, however, 
a different thing altogether. However strong and well protected 
in itself the sliore end of a cable may be, it cannot withstand the 
incessant boating of heavy waves upon a rocky coast. The 
Channel Islands telegraph cable is a remarkable instance of this 
fact. It may often be advisable to debate considerably from a 
direct line in order to secure a better and more sheltered spot for 
the landing. But it is not only close to the shore that a cable is 
in danger. Even in water of from 100 to 200 fathoms a cable 
is not secure from the abrasion of icebergs of high specific gra- 
vity, and there seems little room to doubt that the only accidents 
which have occurred to the present Atlantic cables are due solely 
to these monsters. 

A rapid tide-way should be avoided for the bed of a cable ; 
the rust, which unavoidably forms upon the external wires, in- 
stead of accumulating and in time preventing further corrosion, 
becomes washed off, until the entire wire is gone. In some situ- 
ations cables become silted up with sand and shingle, and cannot 
then be raised for repairs. The adhesion of weed, coral, and 
other marine organisms is detrimental to a cable as facilitating 
its corrosion. The cable across Bass's Straits was actually floated 
by the mass of weed which enveloped it, although this cable 
weighed two tons per mile. La.^tly, as far as possible, any fre- 
quented roadstead should be avoided, for a ship's anchor is a 
deadly onemy to telegraph cables, and all notices as to anchoring 
will stand for nothing in a gale of wind, setting on shore. The 
only remedy for this, if such a locality cannot be avoided, is to 
take the bull by the boms, and put down a cable over which any 
ship of ordinary tonnage may ride with the risk rather of break- 
ing lier own rope than the telegraph cable. 

DiacnssioN. 

Mr. Ndrset said that one point did not appear to him quile 
dear. In the paper, the author stated that the deepest soundings 
beti«'een Ireland and Newfoundland did not exceed 2400 fathoms, 
or less than 2^ nautical miles, yet the cables were calculated to 
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bear eleven miles of their own length in water. He (Mr. 
Nursey) believed it did not matter what the depth might be, it 
was simply a question of the distance between the points upon 
which the cable might take a bearing, and he presumed that if 
the depth was double that stated by the author, the breaking 
strain would not require to be greater than that named. He 
assumed that the breaking strain was calculated simply to guard 
against the interval which might be found between any two 
points upon which the cable found support. He believed that 
m all the Atlantic surveys it was found that two such points 
were not in any case more than nine miles apart, but eleven 
mile'fe were taken as a maximum, and to this maximum the break- 
ing strength of the cable was proportioned. 

Mr. Olrick said that generally telegraph cables were covered 
externally by iron wires laid spirally, and when any strain 
came upon a spiral it would elongate, and in the same pro- 
portion as the spiral elongated the strain would be thrown on 
the internal core, or the conductor. Some years since he devised 
a means of overcoming that difficulty. His an'angement was to 
have an elastic core and a copper conductor arranged in a spiral 
around it in such a manner as that to whatever extent the ex- 
ternal spiral might stretch, the internal spiral conductor would 
stretch in exactly the same proportion, and that it would 
have the power of returning to its original position. He, 
however, found that he had been anticipated by a previous 
inventor. He would ask the author whether he did not consider 
the invention of value in connexion with ocean telegraph cables. 
The author stated that the quicker the speed of the ship in 
paying out a cable the better, but it appeared to him (Mr. 
Olrick) that if there happened to be a deep valley between two 
sharp rocks, the quicker the cable passed over them the more 
strain there would be upon it, whereas, if a cable had time to 
adjust itself to the sloping sides of the rocks there wpuld not 
be so much liability to damage the cable from the sharp edges 
of the rocks. He would ask Mr. Bartholomew whether a con- 
ductor had not broken on account of the sudden strain brought 
on the copper conductor by the stretching of the external 
spiral. 

Mr. NuESEY said, with regard to the sharp angles of rocks at 
the bottom of the Atlantic, to which the last speaker had alluded, 
he did not think that they existed, as the bottom of the Atlantic 
was undulatory. But even if such angles were met with they 
would not have a very material effect upon the cable, whicli 
would, of course, have sufficient weight in the length between 
the ship and the bed of the ocean to cause it to adapt itself 
rapidly to any irregularities. The slow motion of the ship 
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would piobablr cause too much cable to be payed out, and woulw 
give rise to loops atiil kinks, and ultimate damage. j 

Mr. Bebxays asked, in refereuce to overland telegraphsJ 
whether the strenfjth and quality of the wire used liad ar" 
effect ou its condactivitv, and whether electricity passed i 
different rates in a wire of great tensile strength, and in one t 
small tensile stren;^. lie also wished to know whether i 
pules had ever been used for supporting telegraph wires, i 
whether they had any effect on tlie passing current t 

Mr. NuRSEY said, that although the author had confined 
himself to the subject of telegraphy irrespective of apparatus, it 
was so Bscellent a paper that he hoped in the course of time 
they would he favoured by Mr, Ilaitholomew with a sequel to it 
in the form of a paper on telegraphic apparatus. The question 
of apiiaratus was at the present time oue of the most important, 
especially to many members of the Society who were connecte(l 
with railways. Ou the first of April next there would come into 
operation an Act requiring that all railway trains should hi 
means for enabling tlie ]iassengers to communicate with the 
guanl. He had examine<l many schemes for the purpose — ■ 
mechanical, electrical, and pneumatic, and it seemed to him tlia( 
the electrical schemes were the best suited for attaining ihf 
object. All electrical aiTangenient was working very wel! on the 
South-Weslern Rsulway and other lines, 

Mr. B.uiTiiOLOMEW, in reply, said that he did not apprehend 
that at the bottom of the Atlantic, at least, there were any parts 
having such sudden dips that a cable would be suspended for 
any considerable length, if at all. Taking the most mountainous 
district known, if a cable were coiled ujjoii a drum and paid out 
from a suitable conveyance, the cable having on it the same 
amoant of strain wliich was uusally put upon telegraph cables 
when being submerged, and with an allow.'uice of 15 per cent, 
of slack, he apprehended that the cable would follow very closely 
the uiie\-enness of the route. He thought that a telegraph 
cable being submerged along the bottom of the ocean would 
follow the same course. No doubt there were^ — and certiunly 
in the MedlteiTunean — very peculiar formations at the bottom ; 
but when lie spoke in the paper of the soundings of the Atlantic 
between Newfoundland and Ireland not varying more than 
about three hmidred fathoms, he, of course, did not mean that 
there was a sudden difference of three hundred fathoms. On 
the contrary, every one who had seen a section of the bottom of 
the Atlantic — as developed by the deep sea sounilings taken for 
the purposes of the Atlantic cable — would know that even in t\i9] 
case of a certain place about 300 miles from the Irish 
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where there was what was described as a sudden dip from 1750 
fathoms to about 550, and which was regarded as a great 
difficulty in laying the Atlantic cable, that difference was spread 
over a length of about ten miles ; it would therefore be evident 
that no danger need be apprehended from such a slope as that. 
With regard to Mr. Olrick's question as to the spirality of the 
outside of cables, tlie difficulty was anticipated to a certain 
extent, and there were on the table several specimens of cables 
in which there were no spiral coverings. In that case there was 
nothing to untwist. The wires which actually took the strain 
were the longitudinal, and therefore the idea of strain on elon- 
gation in the case of a spiral was met there. But the difficulty 
was not one which was at all experienced in practice. It was 
found that the amount of strain which was put upon cables in 
paving out was not sufficiently serious to elongate the whole 
hibric. lie thought that the inequalities of the bottom of the 
ocean were rather overrated by Mr. Olrick, and that it was quite 
a wrong impression that the bottom of the Atlantic consisted of 
vast ravines. No doubt such places did exist at the bottom of 
some ocean, but the deep sea soundings in the Atlantic showed 
the contrary. With regard to Mr. Olrick's question as to the 
copper conductor breaking, he (Mr. Bartholomew) had no doubt 
that copper, used as a conductor, both in the solid form and the 
stranded, had broken, though he did not look upon that result 
as connected with the simple elongation of the copper. Copper 
would elongate greatly more than iron. If such breakages 
occuri'ed, they were probably owing to faulty places in the 
copper, and it was to meet such defects that the strand had been 
adopted. He believed that if the cause of certain conductors 
havmg broken was traced to its source, it would be found to 
be not simply due to the elongation of the cable. He was 
not aware that the quality of iron with regard to its tensile 
strength had any bearing on its conductivity. Iron, if pure, 
would conduct equally well whether it had a high or low tensile 
strength. He did not know that there was an essential dif- 
ference between the conductivity even of hard wire and of soft 
wire. With regard to iron poles, they certainly were beneficial. 
He had not touched upon the point because he had not had 
sufficient experience in the use of iron poles for telegraph pur- 
poses, and in fact there had been very little experience in the 
matter in this country. He believed they were used to a 
certain extent on the Continent, for instance, in some parts of 
Germany. It must, however, be borne in mind that an iron 
pole would cost at least double what a wooden pole would cost, 
and the experience of their use had not extended over a sufficient 
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time to show whether their doable, or even treble expense, would 
be compensated for by a proportionately greater durability. An 
iron pole standing 15 ft. out of the ground, would cost about 
20s., while a wooden pole of the same height could be obtained 
for seven or eight shillings. A good wooden pole would last about 
fifteen or sixteen years, and hence an iron pole to be equally 
cheap would have to last about thirty years, and quite as much 
would have to be spent on an iron pole as on a wooden pole for 
maintenance and repair. As regarded Mr. Nursey's suggestion, 
that he (the author) should read a paper on Telegraphic Appa- 
ratus, he should be happy at some future time to bring the 
question forward, for it was the most interesting part of the 
subject. 
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March 15^/i, 1869. 

F. W. BRYANT, President, in the Chair. 

THE PREVENTION OF LEAKAGE IN GAS AND 

WATER MAINS. 

By 0. M. Barker. 

As the subject of the present paper may be deemed of public 
importance by some, and unimportant by others, the following 
extracts will explain why it has been introduced to the Society. 
The first extract is from Mr. W. H. Lefeuvre's inaugural 
address in 1868 to the members of this Society; the next is 
taken from the annual summary of the Engineer newspaper; 
and the last is from the address by Mr. J. G. B. Barlow to the 
Gas Managers' Association. 

Mr. Lefeuvre thus expressed himself on this subject in his 
address : 

" The lighting of our cities and towns is a subject which, I 
may say, to a certain extent affects many of our members, as this 
Society includes some of the leading gas engineers ; and it is of 
singular importance when viewed in connexion with the ex- 
haustion of our coal fields, as we are told that in lighting our 
metropolis alone there is an annual loss of 100,000 tons of coal ; 
this loss being occasioned by leakage from the mains, and in 
various other ways." 

The Engineer^ in its summary for the year 1868, referring to 
some of the wants of the period, states: 

" That in the distribution of gas two methods are employed 
in making joints. In one the pipes are turned and bored, and 
in the other they are made tight with lead and the set hammer. 
Each system has its advocates; but can no improvement be 
made on those plans ? Clip joints have been tried, and found 
wanting. Nearly all the plans tested are supposed to possess 
the advantage of enabling a pipe to be removed when required 
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edge. But, unfortunately for such assump- 



tions, after the jouits have been in the ground for a year or two 
it is impossible to disconnect them without breaking the joint 
])raper. Boi-ed and turned pipes liave been used in Liverpool 
durmg the lifetime of one or our most celebrated gaa engineers 
in England, and the system has been satiafactoiy ; but where 
unusual care lias not been taken in setting such joints there has 
been great leakage. Can no plan be devised of making a joint 
less rigid, and with greater certainty of being tight, than those 
which are bored and tui'ned, or the ordinary lead joint 1 We 
think such an improvement is possible, and there is ample scope 
for exercise of ingenuity in tliis direction. Leakage is always 
felt to constitute a serious item in the distribution of gas, vary- 
ing as it does between 10 and 30 per cent." 

Tlie President of the British Association of Gas Managers — 
Mr. J. G. B. Barlow — observed that the present joint for street 
mains offered a wide field for the exercise of ingenuity. 

In thus alluding to these authorities it will be apparent how 
necessary it is that this loss should be prevented, if possible; 
and therefore, to place this subject clearly before the meeting, 
it will be rec[uisite to state the probable causes by which gas 
escapes from tho pipes, and how a loss ensues upon the quantity 
manufactured. 

The loss experienced in conveying gas to the consumers arises 
from other causes than that of leakage, one of which is from the 
condensation that takes place when tlie gas passes through pipes 
which are at a low temperature, Tliis is dependent, to a consi- 
derable extent, on the nature of tlie soil in which the pipes are 
laid. A further loss is occasioned by an exosmose quality which 
all gases possess, of a diffusive nature, penetrating porous bodies 
to assimilate with the air contained in the poi-es of any material 
that may be used for holding or conveying gaseous fluids. It is 
by this quality that gas penetrates and passes through cast-iron 
pipes, when it is under light pressure, and is thus extracted as 
tiy an exhaustive process to mix with the air on the exterior of 
the pipe. This quality apjwars to be reversed when the gas is 
under a heavy or orainary pressure, as during the time it is 
being burnt an endosmose or an absorbent action ensues, and air 
from the exterior of the pipes passing through the iron and 
mingling with the gas is consumed, to the detriment of its illu- 
minative power, as the absorbed quantity of air is greatly in 
tivfess of the gas abstracted. The addition must be taken in 
snsation of part of the loss occasioned by condensation, 
•ill leave nearly the whole loss to be accounted for by 
3, which has been proved before a parliamentary com- 
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mittee to amount to not less than one-sixth of the whole quantity 
manufactured. This confirms Mr. Lefeuvre's statement tliat 
the waste of coal is yearly, in London alone, to the extent of 
100,000 tons, which, if manufactured into gas, would realise 
150,000/. for the metropolis alone, where the losses are about the 
average. If provincial cities and towns are proportionately 
wasteful, the annual sum will be increased to so large an amount 
as not easily to be estimated, but it is a sufficient sum in money 
value loss to call general attention to such waste, and it ought 
to be worthy of legislative interference on behalf of our sanitary 
condition, as it must be most prejudicial to public health that 
such an immense quantity of gas leakage should continually 
take place. The escape of gas renders even our public footpaths 
dangerous when cellars are beneath, and our institutions and 
public buildings insecure, whilst there is no supervision for 
remedying the fearful evils of defective mains, wdiich are 
quite independent of public authorities to control or prevent, 
as proved by the recent accident at the street semaphore near 
the Houses of Parliament. Had the result of that accident 
similarly burnt and affected an important State officer instead of 
the unimportant police officer on duty, something more, no 
doubt, would have resulted from it than merely probing the 
soil to disperse the escaping gas from the adjacent leaking 
mains. 

With the knowledge of the existence of leaking mains, and 
their concurrent evils, engineers have long been familiar, and 
the specifications of many patents show the numerous ingenious 
methods that have been tried for preventing the ceaseless waste 
that is ever accumulating by the present defective system. 
Were the object but to seal the pipe joints, some of the existing 
patents would effectually prevent leakage, but there are other 
conditions to be complied with prior to the adoption of any new 
system of mains by gas companies. The first, and paramount, 
of these conditions is that of cost ; for the sum paid for new 
pipes must not be an increase on the ordinaiy pipe, or the use 
of the latter will continue with its defects. It is well known 
that ordinary pipes are stock articles of trade, and being required 
in large quantities, close competition has brought their manu- 
facture to the lowest remunerative profit. Any new pipes must 
possess quality to stand the pressure test, and be cast vertically 
to prevent defects and blow holes. They are compelled to be 
made by unskilled, or cheap labour, to be saleable at the prices 
chargecl for them, they must have no extra metal for any special 
pui'poses, for thereby the price will be increased through the 
weight. To these are added some secondaiy conditions, divisible 
into the materials for sealing the johits, and in the method of 
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laying the mains. For the iirst, the sealing material mast 
inexpensive, and it most be reliable, and also it must not dete- 
riorate the pipe. The material must be easy of separation when 
the joints are required to be broken for displacing and relaying 
tbo pipes without injury to the scaling surface or general 
effectiveness. The pipes must have a simple form in their 
arrangement for jointing, so that the main-layer may quickly 
place and seal them ; and there must not be any adjuncts to 
the pipes, because such would occupy his timo by fitting to- 
gether. No extra depth of trench or greater width of excava- 
tion will bo allowed; and it is under such conditions that all 
new pipe systems must pass prior to obtaining a favourable 
consideration, and before the adoption of any new mains for 
preventing leakage, they have all these difficulties to contend 
with, and they must be surmounted. So it is easy to agree 
with the expressed verdict of the Enginesr, that all the inven- 
tions for this purpose have been found wanting, and had the 
conditions been made but a little more difficult, the solution of 
this problem would have nearly equalled that of discovering 
perpetual motion. Independently of the requirements alluded 
to and their difficulties, tlie prospect is not enticing as a profit- 
able investmentj for the most remediable system can only expect 
adoption by the slow growth of extensions into fresh districts, or 
by newly formed gas companies in laying their mains. The cost 
of new mains is a most serious expenditure to a gas company, 
and will never be entertained by them whilst the present pipes 
convey the material to their customers, although the leakage 
may be very large in proportion to the quantity made — for these 
reasons it may be that no improvements have been made in gas 
mains that have been adopted. Fm'ther, the price allows but so 
small a profit to the manufacturer, as to disincline him to any 
change, and especially as the difficulties of satisfying the 
requirements of gas companies are so great. 

Of the most probable causes that produce leakage in mains, 
none are so easily accounted for or so readily understood as the 
negligent and defective work of the " main-layers," who gene- 
rally work under contract of a price per yard, and are said to 
i " stint the lead ;" this work may he done too cheaply. But the 
Ireault is not so dependent on practice as it is generally believed 
Wto be, for when the joints have been most skilfully mado with 
I lead and tested, they eventually leak, and tbo evUs of the system 
Kfall on the workman, because no better means have been intro- 
Iduced to obviate the loss in continuity, and the inconveniences 
Ethat ensu'" sing the present pipes ; the leaking jomts of 

j which f <e admitted for the advantage of its yielding 

. »onne}i llows the pipes some play in each length. 
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The trench for reccmng tlie mains is due of a uniform depth, 
and consequently it follows the varyiug leyels of the locality. 
This ia no doubt a primary cause of considerable leakage, as the 
requisite parallelism of the inserted pipe into a socket cannot be 
obtained, being prevented by the riainc or falling of the trench, 
and also by ttie requisite falls for di-aining the pipes to the 
sj'phoQS. To remedy these deviations the earth is brought up 
to bed the pipes, but it is insufficient, and causes leaking pipes 
when the earth consolidates. 

The operation for jointing pipes commences by loosely insert- 
ing the spigot end of each pipe into the socket of auother, and 
BO several lengths of pipes lie in a line upon the " hard," or 
roadway out of the trench. The workman then places round 
the inserted pipe some twisted spun-yam with a caulking iron, 
compressing it into the annular space between the exterior 
surface of tho inserted pipe and the interior surface of the 
socket. This gasket usually occupies about two-thirds of the 
depth from the root of tho socket, closely filling the annular 
space. This operation is expected to bring the pipe inserted 
concentric witii the socket, or if not quite so, it is intended ao to 
be placed that an equal quantity of melted lead may flow round 
the pipe, and fill the annular space left by the gasket. If the 
pipe is not concentric with the socket then an insufficient quan- 
tity of lead is found in some part, and probably a bad joint is 
the result, Tho placing of the yarn is proceeded with in all the 
lengths that lie m the road, and for facilitating the work the 
pipes are rolled over to get round the joints. In this part of the 
operation an evil, doubtless, must arise, as the pipes are dependent 
for keeping their position one within tho other on the caulked 
gasket only, and must miunly rely on this for resistance to 
motion given to turn the length of pipe. The gasket thus acted 
on expands from the compressed form obtained by use of the 
caulking iron, and thus commences one of the causes that ulti- 
mately result in leakage, through the caulking material having 
been shifted, and caused to get " windage." When the pipes 
have been filled with yarn a temporary band of clay with a gate 
is placed round the surface of tho inserted pipe, and also adheres 
to the vertical surface of the socket's mouth. Into the gate, or 
opening to the clay channel, the melted lead is poured, and fills 
the annular space between pipe and socket with a cast ring of 
lead, which in cooling contracts at /^ in. to the foot, so that this 
lead ring, or collar, shrinks on the surface of the inseiied pipe, 
and there mostly makes a good joint. But the exterior dia- 
meter of this lead collar shrinks from the interior surface, and 
by contraction there is left a leakable space round the lead. 
This is attempted to be remedied by the use of a blunt caulking 
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tool beaten against the surface of the lead, ^ „ . , _ 

to give it latent! expansion to fill the space left by contraction. 
This must be done with care, as tlie ordinary pii>e socket is 
liable to bi-eak off its configui-atiouj causing it to be weak at 
the root. 

If the direction of this force is considered, what must be the 
most probable result? Instead of a lateral expansion of soft 
lead there is a drifting inwarda of the material, and the effect of 
each blow on the metal is absorbed in the elastic gasket packing. 
If any greater force is applied, it serves only to loose any hold 
the sllrinkage of the lead has on the inserted pipe. A light blow 
is but of slight service for the intended purpose, as the lead when 
so set up merely drifts up tlie edge of the metal, and it causes 
no lateral expansion of the lead. Should such metal caulking 
be not thoroughly completed round the joint, there will be a 
space at which the gas can escape, hence leakage must ensue, 
and the lead be a defective seaUng of the joint. Sesides the 
evil caused by the contraction of the melted lead in the socket, 
there are other causes equally difScnlt to contend mtli in this 
part of tlie work. One of those results from the melted lead at 
G20° of heat being poured into the channel bounded by the 
spun-yarn and moist clay. The melted metal conies into contact 
M-ltli the yarn saturated with tar or grease, and from either of 
tliese vapours ai-o eliminated at as low a temperatui'e as 250° to 
350° of beat; and at 212° the clay parts ^ith its moisture as 
steam. Thus tliese vapours are quickly generated during the 
pouring of the lead into the gate, cautiously done so as, to per- 
mit the va|jours escaping at the gate. Yet for all the care that 
can be taken the whole will occasionally burst out explosively ; 
and even when this does not occur tlie same cause produces 
"blow-holes" and '' honeycomb" in the cast lead, by the con- 
fined vapoui-s. Leakage often arises tlirougb the lead being 
nnsouTidlv cast, a defect which is dependent on the poui-ing of 
the fluil inLtal When the lead, in its descent, courses down 
the suifftce of the inserted pipe and meets with any impediment, 
its clunncl la diverted into divided streams, these quickly cool, 
so tint on tlie fluid rising round the pipe and meeting these 
cold pieces of 'ct metal, it has not sufficient heat to remelt tliem, 
and s) it flons over the cold metal, and then ensues a "chill 
cast, by winch another unsound casting is produced, forming a 
defect wliich will permit the gas to escape. As all the joints in 
a length of pipes are separately being lead-made on the road- 
way, I' ' '"ns of pipes are again i-olled over, backwards and 
forw c readily caulked with the pliant lead, and to 

obs' oints appear sound. It is during this pai-t of the 

wo ■ lengths of pipes arc i^olied over, that by their 
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weight they are compelled to adapt themselves to the surface of 
the road, wliate\'er its form may be, so each turn must alter tho 
form of the lead in the socket in wlilcli the spigot is uiicaseH, as 
the road may have either a convex or concave section, Eveiy 
joint is in somo degree strained, altering tiie lead and gasket 
packuig from the form and position it onginally had when first 
set up with the cauikinw iron. The result of such strains pro- 
duces channels for leaKage in the pipes so joined ; they aro 
afterwards lifted or rolled into the trench, either of which com- 
pels the length of pipes either to siig or hog, and so ensues 
another cause by whicli an alteration is made in the form of the 
cast lead as originally run. Further, a similar result takes 
place on the pipes being placed in the trench; there they are 
again compelled to adapt themselves to the uneven sui-face anil 
varying levels of the trench, and for drainage inclination as well 
as to the course of its tortuous direction, so that under these 
several operations tho original form given to the lead has been 
altered, sufficiently to permit the escape of gas if the lead was 
there by itself without the spun-yam. 

The length of pipes is lastly connected with the pipes which 
have already been finished and laid in the trench ; this one being 
a connecting joint it is made in the trench, and is liable to all the 
defects already stated as to pouring the lead, and to fui-ther 
defects in leatfing from the incapability of inspecting the under 
portion of the joint as it is close to the surface of the trench. 
In commencing to make this joint it is important to get the 

1>ipe inserted centrally in the socket of the pipes already laid, for 
evels may oppase the admission, and the inserted pipe may not 
be nearly parallel with the stationary socket. To remedy tb's it 
is usual to drive a half-round taper drift-wedge between tho 
socket and pipe, to keep the pii>e central in the socket, the wedgu 
deflects the pipe iu its length in proportion to the angle. To caulk 
this joint lengths of yam are cut to come round as far as the 
drift allows, and when suiBcient in quantity the drift is extracted, 
the deflected pipe then partly resumes its angular position, 
nipping the gasket. After this another piece of yam is inserted 
over the space previously occupied by the drift, and is read^ for 
the lead to bo run round ihe joint. By this last operation a 
whole length of pipes is finished for conveying gas, except that 
they have not been tested (and it is seldom they are) ; and 
although all these joints may possess any of the deficiencies 
stated, yet on application of the air-pressure test they mostly 
appear quite sound. The excavated earth is then returned, 
covering the pipes, and they are beliei'cd to be fi-ee from leakage ; 
but a short time afterwards on opening the soil for making 
service connexions, the pipes show that leakage has already 
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commenced, by the oSbiisivo smell Gmaiiatiiig from the earUi, 
aiid a light applied to the gas ignites it at aorae of the joints. 
One of the causes of such leakage is that the hydrocarbons 
contained in the gas liquefy tiie tar or prease incorporated with 
apun-yam, the capillary attraction of which holds the solvents, 
till no vestige is left of the material it originally contained, 
and thereby materially assisted to keep the joint sound during 
the pressure test. The adhesive tar and elastic spun-yarn in 
lead-made joints, are more serviceable than the lead for a seal to 
the joint, the lead being ouly useful to confine the sealing sab- 
stances. The yam, when denuded of its adhesive qualities, perishes 
from the chemical action of the bisulphuret of carbon, and then 
itselastjcitrislostsoasnot to fit closely to the surfaces of the pipe 
it has sealed, the gas passes through and around it, as also past 
the strained lead joint to the soil, the moist porosity of which has 
great affinity for the gas, precipitating the carbon, as the black 
earth always shows when an opening is made near to a leaking 
joint. Thus, the gas is condensed, and an exhaustive action 
ensues which rapidly supplies fresh gas for further chemical 
decomposition, and so from these defects of the system the loss 
of gas becomes considerable. 

Such are the causes from which most leakages ai-lse where 
tliia description of pipe is laid in ordinary level localities, but in 
hilly districts the evils of leakage are augmented in consequence 
of the pipes, with the loose sou which nas been filled into the 
trench, naving a tendency to descend or slip downwards, from 
the weight of the upper pipes causing a tliruat on those at the 
lowest end of pipes laid upon an incline. This so affects the 
pipes as to give them a longitudinal curve, and by their con- 
forming to this alteration they curve in their whole or part of 
their length, and each leaded joint is compressed or e^ressed 
on its inward and outward radii, and from this cause they are 
made defective, for the security of the joint, being only pre- 
served for a time by the adhesive or elastic properties of the 
yam ; when that peri.slies, or the tar is dissolved, the pipes leak 
almost at every joint. This was exemplified in one of the hilly 
gas-lighted districts where the colliers used for sport to ignite 
the gas escaping through the soil over every joint on an ascend- 
ing hill. BesiiSs the slip of pipes the augmentation of leakage 
in such districts arises from the high pressure on the miuns, 
as the loss is always increased proportionately to the pressure ; 
this evidently proves that the loss must be greatly attributable 
to defective joints more than to other causes. As a further 
proof of it being so, as a remedy for preventing the leakage by 
a shifting of pipes on ordinary levels, as also on steep ascents or 
desc* asonry or stone slabs are now placed beneath the 
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joints to give tiiem stability and support under any of tlie cansea 
that occiu' to displace tlie pipes. This addition to the usual 
cost of mains as a precautionary aiTangcmeiit must prove tlio 
dofectivencsa of the system, and should exonerate the workman 
wlio has to make joints from blame. There is another method 
not generally used for jointing ordinary pipes with what is 
termed an elastic joint ; tins is made with gasket packing at the 
root and mouth of the socJvet, and the intermediate space between 
them is filled with Russian tallow. 

The other system in use for gas mains is that of tamed mid 
bored pipe joints, of tajier form. The cone spigot is turned for 
fitting into a conical bored socket, and when these surfaces arc 
accurate the joint is sealed by tlie addition of paint. Such pipes 
are stated to bo a better means of securing the joint wlien 
imusual care is given to them in laying; hut when laid witliout 
sach care, then great leakagL> has resulted from their use. These 
pipes are more costly than the ordinary pipe, as they require 
additional labour, after thoy have been cast, in turning and 
boring. This extra charge may be taken as an equivalent in 
cost for the lead and yarn used in ordinary ]>ipes, with the 
additional labour attendant on laying them. It is on the truth 
of the turning and boring that the value of such joints for 
pipes entirely depends. That their value in that respect may be 
fau-ly judged, it will be well to consider the method adopted for 
turning and boriug them. To accomplish this three or four of 
these pipes of the smaller sizes are placed on a stationary bed, 
and there securely cramped down. Near the ends of these pipes 
are fixed head-stocks, in whicli revolve poppet mandiils with 
bosses and cliueks, and they carry hard steel cutters. These are 
set at an angle necessary for turning and boring the spigot and 
socket simultaneously and concentrically; the mandrib aro 
forced out of the head-stocks against the surfaces of the pipes 
to be turned or bored, and thus the one is turned and the other 
bored by the cutters for a sufficient depth as gauged by the pro- 
truding and revolving mandrils. This work is performedT on 
cast iron with a sm-face almost as hard as glass, and with not a 
little sand, so that the cutters suffer considerably, and soon lose 
their cutting edge. The cutters are then hand-held to the grind- 
Btone for restoring the edge. 

On this being properly effected, the surface line of taper is 
dependent ; and therefore, as the surfaces of a grindstone will 
ever g^ve varying surface to the material so held and ground, 
these pipes, when bored or turned, take the line of edge of the 
cutter, which may be ground concave. Yet it is expected that 
these pipes will make a sound surface jointing, perhaps having 
for that purpose two concave surfaces meeting. When bticR 
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form of surfaces meet, it would require a gi'eat amoaiit of " un- 
usual care" ill liiying to prevent tlieir leaking, which no amount 
of sealing paint would insure. It is true that the defective 
means of nny procedure in manufacture should not condemn a 
principle, because, if accurately made, then these pipes would 
not be liable to this objection. But their manufacture is affected 
by the price at which they have to he made. This description 
of wort is incapable of being supplied, except by labour and 
attentive supervisio)i in making true surfaces. If any two of 
these pipes as ordinarily made are taken, and their surface 
proved by slightly giindmg one within tJie other, it will soon be 
apparent that the spigot and socket are hardly ever found to 
make true and corresponding surfaces so as to join without leak, 
unless driven in with force that, by expanding the socket, the 
surfaces touch at some points hy being forced totjether, paint 
filling the non-touch iiig spaces. If this was not the case, how 
could tliey bo usefully adaptable for altered levels of any devia- 
tion, except by deep excavation aud with great deflection of the 
pipes in their lengths? For any obliquity of line, they are 
almost inapplicable, except by leaving leaking openings. 

The largei'-sized pipes for turned and bored joints are made 
in a self-acting lathe, and they revolve ui a cone plate, and the 
socket 13 bored with a tool and rest, having a set angle for bOTing 
the taper cavity. The spigot end is turned generally in a sepa- 
rate latlie, to which the pipe is taken, and the cone spigot there 
turned to a similar set angle on a plug centre. For boring the 
interior surface of the socket, its rougli exterior surface revolves 
in the cone plate surface. If the casting is not of perfect form 
or even surface, such inequalities will give an obliquity in boring 
the taper surface in the socket, and the temporary cone plug by 
which the spigot end is centred and turned is also liable to give 
the pipe an eccentric line of surface (from the irregular auriacB 
of the casting) to that at which the socket has been bored, ren- 
dering the possibility of a joint in a right line most unlikely. It 
is upon the true line of joint with a similarity of cone surface, 
that the possibility of a good joint depends, which neither of the 
methods of manufactiu-e described are likely to accomplish accu- 
ratelj-. These pipes are laid in the trench, and on inserting the 
spigots into the sockets with fresh paint on the turned surfaces 
the joints are closed by driving the spigot of the pipe hard into 
the socket with a wooden mallet. Tliat done, the joint is com- 
pleted. Turned and hnred pipes have no provision for guarding 
against leakage resulting from any disturbance or slipping or 
the pipe tJiat may be caused by deflection or concussion on the 
pipes from weights passing over the mains or from additional 
materials contracting the upper surface to a yielding subsoit 
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Tlicy are also without any provision for making good any acci- 
dental fracture, or for taking out and substituting a new lengtli 
of pipe. Recourse must then be had to lead jointing for repairs ; 
they are most defective fox taking up and relaying, as their 
turned surfaces are more or less oxidised, and they are less fit, 
from this cause, for remaking a surface joint. Under such 
altered circumstances of impaired surface it is almost impossible 
to make further use of them. They are therefore defective as 
being inconvenient in adapting themselves to the bottom of the 
trenches from the unyielding character of the jointing, and in an 
undulating locality they are not reliable, from the necessity of 
keeping the pipes with a concentricity of joint, which is often 
impossible. When these pipes are laid in a trench, its inequalities 
have to be made good to the pipe. This is done by placing the 
loose earth beneath the pipe, and this yields on settling ; the pipe 
has thereby an allowance for extra deflection, and this draws the 

1)ipe from its joints at both ends, and results in considerable 
eakage, because the space is left round the diameter of the 
socket that is not occupied by the spigot, and hence ensues the 
cause why the leakage of turned and bored joints has been great. 
Whatever unusual care may be taken in laying this description 
of main, it can never be other than a most expensive system, 
even if they are ever made with the perfect accuracy of surface 
necessary for making a sound joining. In Liverpool these pipes 
have been successfully laid, but they have the provision of large 
sockets, and, in case of need, for lead joints to be made in them, 
which increased their cost. There is another method for using 
turned and bored pipes, termed a ^* combined joint," which is 
made by running lead into a wedge-shaped recess- in the turned 
and bored joints, but it has never been extensively adopted. 

Attendant on these systems there is a further cause of exten- 
sive leakage, which results from connecting mains wuth service 
1)ipes to supply the consumers. To join a service pipe with a 
arge main, the workman finds the place of the buried main, and 
commences by drilling a hole of sufficient size for admission of 
ia taper screw tap. When the hole is ready for the screwed end 
of a service pipe, the taper tap with its continuous thread has 
only imparted to the orifice some thread recesses, as the convexity 
of the main will not admit of full threads being made in the 
sectional area of the metal in small pipes, and therefore there 
are only some segments of threads made, into which the con- 
necting pipe is screwed, w^hich does but little more than stay it 
in the position required. As the pipe is always at right angles 
to the main, it is liable to the least strain from leverage, and, froiri 
its slight screw-hold at its junction with the main, sometimes 
even the fiUing-in and ramming of earth springs it at its junc- 
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tion, and bursta the holding thrends, Such joints offer great 
facilities for escapo of gas, and it is much to he doubted whether 
a Bcrvico joint was ever made (except in a main of large size) 
that continued quite sound. Therefore, considering how many 
thousands of these connexions there ai'e, and how tuese are in a 
continuous leaking state, it is not to be even doubted that 100,000 
tons of coals are yeai'ly necessary to supply the metropolitan gas 
leakage. There are some pipes made for the special pm-pose of 
making connexions, of which Mr. Cathels ia the inventor. These 
pipes have a short strip of metal cast on them, and into this strip 
the hole is drilled and the connecting pipe screwed securely. 
But these pipes have the additional weisht of metal which in- 
creases then- cost, and it is only at the end where the strip is cast 
that such advantages are applicable. For making connexions 
tliese pipes will require the earth to be opened for a considerable 
distance, to find the available place on the main for making tho 
connexion, ijuch may bo a distance of five feet, whereas atwo- 
feet hole is sufficient size for the workman, and this is considered 
too large by the contractor, who has to make the repairs good to 
the paiTsh roads, so that these new pipes have this objection. A 
difference of opinion may arise as to the true causes of the loss 
of gas, but there cannot be any difference of opinion as to the 
fact that both the systems described cause great loss as well as 
inconvenience in their use, and that if a better method could be 
introduced it would bo of iio small advantage, provided the pipes 
could be manufactured at a price which gas companies are willing 
to pay, and that they do not possess the evils for which the sys- 
tems now in use are condemned. 

As a remedy for tho evils which have been referred to, the 
author has designed a pipe possessing general effectiveness with- 
out additional weight or separate parts. It is entirely dependent 
on its form for keeping the joint with sealing materials to pre- 
ji vent leakage ; it has a rigid joint, hut one wliich will admit of 
altered levels, without prejudice to its utility. These advantages 
are obtained bv making the pipes with screw and flange spigots 
cast with a male thread, and the socket with a female thread. By 
inserting the spigot into the socket, and causuig the pipe to turn 
once round, tho joint closes, compressing into a recessed channel 
at tho root or end of each of the threads some moist cement, 
which is immoveably confined between the surfaces. At the same 
time the taper nose of the spigot enters the conical cavity at the 
root of the socket, in which la also a collar of moist cement. 
When the cement sets the jouit is sealed, thereby adding strengtli 
and firnmess to tea for securing the joints. The thread is 

cast easily to :h a " lash," so that the screw is used for 
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a fastening grip only for joining the surface of tlio flange or lij 
of the spigot against the mouth of the socket. Any deviation of 
angle or direction requires but the temporary insertion of a nail 
or a piece of hoop-iron on the exterior radius to cause these pipes 
to sweep any ordinary curve that may be required, the inserted 
piece of iron being withdrawn prior to the cement setting. These 
pipes ai-B capable of maintaining their position when any undue 
strain or concussion affects them at the joint, and are tlierefore 
free from that liability to leakage from those causes which affect 
other pipes. 

By the rigiiUtyof their joints and by the strength of their for- 
mation, these pipes are able to bear more than any usual amount 
of displacement, because their tensile strength becomes effective 
to resist it ; also, by their continuity of joint, any superincumbent 
weight deflects not only a single pipe, but is transmitted tlnraugh 
many lengths, so that eacli of the new pipes has a smaller amount 
to sustain. The pipes have been tried with a pi-essure up to 
250 lb. to the inch without a weep of leakage, and are row in 
practical work ; the cement is indestructible from any chemical 
operation of the gas upon it, and being immoveable in the parts 
holding it, reliance can be placed on the pipes, as the joints will 
remain as sound as when nrst tested. No disturbance of the 
joint can arise except the pipe be turned round to i-elease it, and 
that is prevented by the next joint. The substitution of hexa- 
gonal for ordinary bands is a provision for adding strength to 
Wie pipe, also for tightening up the joint with a spanner, and for 
the prevention of leakage in making connexions for service pipes, 
without giving additional weight, and for allowing a number of 
connexionB to be made if required on either side at four conve- 
nient distances, so that the excavations may not he unnecessarily 
large to find a fitting place for making a connexion. The flat 
surfaces of the hexagonal bands permit a continuous thread to 
be made of the full depth of metal in the pipe, and also leave a 
seating flat surface for locking and strengthening the joint of an 
inserted service pipe by a grummet washer and back nut. These 
joints are thus reliable for mains without the expensive adjuncts 
necessaiy in the lead and yarn joints of the common pipes, and 
they are also free from the expense of turning and boring, and 
consequently are a cheaper and more effective pipe than any now 
used. 

This subject has been introduced in the hope that, if this 
new system does not possess such advantages as to leave no- 
thing more to be desired, it will be useful in showing others 
■what to improve and what to avoid. It is becoming an imperative 
necessity to have joints which do not leak, so that useless waste 
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may bo avoitk'd, tliat public lniililiii;^s may he snciirc, and pu 
health not impairfiJ by poisonous exbalatioiia, or life b'j lost by | 
ftccidental ignition. 




Description of the Eng 

Fig. 1 represents ono length of the patent pipe, showing the J 
hexagonal bands. 1 

Fig. 2 is a cross section of the pipe with the service pipe i 
attached. ' 

Fig. 3 is three lengths of pipe, showing the T-piece by which a 
junction is effected ^vitli old mains. 

Fig. 4 shows the T-picce on an enlarged scale with taper flange 
screw spigot, also sliowing lengthening screws and back i 
nuts. The arrangement ofthe back nut for sealing joints I 



on the length! 
figure. 



ng screws is clearly seen at A, in this ■] 



DISCUlrSION. 

The Author explained the method of manufacturing pipes ' 
upon his principle, refem'ng to samples on the table. 

Ml'. Elliott asked at what price the pines could be delivered 
in London, and what was the size of the largest pipe that had 
been made T ' 

Mr. Baeker said that the pipes could be delivered in London j 
for 57. 5s. per ton ; the largest size that had been made and used | 
was six inches ; {?-inch pipes were, however, being made. 

Mr. Morris sai<l that Mr. Barker's pipe appeared hettor I 
suited for gas-pipes than for water-mains, lie questioned whe- J 



PRBVENTIOtr OF LEAKAGE IN GAB AST) WATEB MAINS. 93 

ther there was auy room for the pipes to expand and contract 
without breaking the joints. Wlien cast-iron ]iipes were first 
used they were made with flanged joints, and they had to be 
taken up because they were constantly leaking from the change 
of temi>eratui*e. It appeared to him a good system of pipe and 
joint that the author had brought before them if the screw was 
made to fit nicely. He thought the leakage in bad joints of 
water-pipes was of no consequence, as the water was almost 
sure to rust the pipe a httle and stop the leak. Of course in gas- 
pipes it was a different matter. 

Mr. Kershaw thought that these pipes being metal to metal 
would be rather too rigid to be laid, particularly in the streets of 
London, where it was diEBcult to get undistm'bed ground to lay 
pipes in. The ground being made up, it settled unequally 
throughout the whole length ot the main. Although the author 
said that the pipes were all settled together, still they could not 
insure that generally in towns, and these joints would be very apt 
to give way in the socket, which of itself did not look veiy strong. 
There was one metliod of jointing pipes adopted in London 
which the author had not described, and that was by making 
them of solid lead. They bad been used veiy much in London 
for waf ei'-pipes ; a small ring of lead was cfriven in first, and 
then the pipe was filled up in the usual way with melted lead. 
By that means a perfectly solid joint was obtained, and the iron 
surfaces not being in contact allowed for seftlement. The bored 
and turned pipes had also been used in Loudon. In Liveqjool 
he thought they had used asphaltc with a few turns of string 
put round and then driven home. He had used them witli 
asphalte, but he thought it was too brittle, so a little tallow was 
mixed with the asphalte, and that made it more elastic. There 
was also red-lead and white-lead used romid the joint. The i-ed- 
lead made a very solid joint, but as the author said, there was 
some objection to that on account of the e.\pense, because it 
involved the double joint. 

Mr. GoitE said that he considered the author's invention was 
a very close approximation to a svstem which bad long been put 
in practice on the Continent. He considered the author's was 
too rigid a jouit. If the joint was to be Bufiiciently tight to 
prevent leakage, it was then much too rigid to be used for the 
ordinary class of gas-mains, and that was the great objection to the 
use of turned and bored points. If the soil was of nearly equal 
density, and not subject to unequal subsidence, a tolerably per- 
fect joiut was obtained ; but if one part of the main wag laid 
in a soil that subsided readily, and another part in a denser soil, 
unequal subsidence followed, and the result was a drawing of the 
joint. That was what he apprehended must take place in con- 
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nexion witli Mr. Barker's pipes also. There was another objec- 
tion to this system, and that was, that the pipes could not be 
shifted or replaced in case of repairs. Another point was the 
effect of vibration on joints. In South America, immediately 
after the slightest shock of an earthquake, which exercised a 
vibratory influence upon the pipes, defects were invariably pro- 
duced. If a pipe of the description before the meeting was placed 
in those circumstances, he could not see by what means the joint 
could be brought up taut again. With elastic substances they 
were easily drawn up by set and chisel. In practice he had not 
found quite such a list of objections to the ordinary methods of 
jointing as the author had stated. 

Mr. Elliott considered that the old-fashioned joint made 
with yam and lead was objectionable, but lie thought where the 
socket was i-educed in depth, and in large mains where the lead 
was run solid into the soclcet and the joint set up nicely, a better 
jomt could not be produced. The author claimed the advan- 
tage for his joint, because It could be made outside the trench. 
That was a thing which should not bo permitted. Every pipe 
should be laid in the treuch and jointed in position. Mr. Barker's 
joints were stated to ho applicable to water as well as gas-pipes, 
but he (Mr. Elliott) thought a main 1000 ft. long, under a 
change of temperaturo of 30°, would contract 2J inches. In 
that case something must give way. The socket joint would 
allow for change of temperature : the author's certainly would 
not, and most probably the socket woiild give way. As to the 
coat of the turned and bored joints, he believed they had been 
offered to be delivered in London by the best makers at about 
5s. per ton beyond the ordinary socket pipes. Then as to taking 
up and relaying ; that did not often happen, perhaps once in ten 
years. The cost of the new pipes was stated to be 5/. ISs. a ton, 
A contract for about 4000 tons of pipes of various sizes had 
just been let for from 51. 4s. to 51. 8s., so he really could not 
see where the great advantage in the new pipes was. 

Mr. Latham said that a simUar joint to Mr. Barker's was 
brought under his notice some years since in earthenware water 
pipes. The only difference was the hexagonal castings in Mr. 
Barker's pipe, which he (Mr. Latham) did not consider would help 
to make a successful joint. As applied to water mains, one of its 
great drawbacks would be the want of expansion. Even with 
ordinary pipes after a severe winter breakages occurred, as well 
as leakages at the joints, which arose from the caulking material 
being drawn out by the movement of the pipes. For the past 
tliree or foui' years he had used the cold load joint only, and was 
satisfied that it was thoroughly efficient. An 18-inch pipe jointed 
in that way, with a socket two inchoa and a half or tnrce inches 
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in depth, and having a quarter of an incli of lead all round, 
ret^uired a much smaller amount of metal — about half the 
weiffht that the old-fashioned lead joint required. Besides, in the 
cold lead joint the cost of the yarn was saved. There was 
sometimes a difficulty in using molten lead owinff to the 
presence of water in tho pipes, and in some cases he had made 
a perfect joint with rings of cold lead driven into the socket 
and caulked up. Tho evils arising from the use of molten lead 
referred to by Mr. Barker were very rare in practice. The 
author had stated that it was necessary, in order to mako his 
jomt properly, that the screw should Ijg perfectly concentric at 
both entU. When, however, these pipes came to be laid in a 
curve, he said, " put iu a nail at one end and screw it up." By 
this means the very purpose of the joint would be defeated, for 
the screwed surfaces would uot come properly together, A per- 
fectly sound joint would therefore not be made, and failure 
would sooner or later result from its adoption. Tho joint would 
also fail from its rigidity, for when pipes were laid in the ground 
settlement could not be guarded against, and, therefore, if a 
settlement took place in a rigid system of pipes, the cast metal, 
incapable of bearing a tensile str.iin, would break, and in that 
way the system would fail. The difSculty of laying the pipes 
up hill and down hill, to which t!ie author had referred, was 
purely imaginaiy, and was one he had never met with in hia 
practice, or nad even heard of before. 

Mr. FoTHBHGiLD Said there was one very important point in 
connexion with these joints, and that was when a number of 
pipes were put together, forming a whole ; if any particular pipe 
required to be disengaged, there was no room endways for dis- 
jointing the one from the other ; whereas in the ordinary system 
of laying pipes by taking out the packing, the pipe could be 
liberated and a little side play obtained by which the object could 
be accomplished. 

Mr. Alfred Williams asked the author of the paper what 
description of cement lie used in the joints. Tho author told 
them that the pipes laid in the usual way with lead and yarn, 
through the deflections and vibration of the ground, got out of 
their level ; hut ho had brought before them a pipe in which he 
said the screw did not make the joint, but that it was made 
with cement- 
Mr, Barker said that the joint was made with Portland 
cement. 

Mr. Williams, continuing, disagreed entirely with tho use 
of cement for such a purpose. Ihe author had complained 
about workmen laying the old pipes carelessly, and in conse- 
quence making bad joints, causing leakage ; but there was no- 
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thing to insure tlic author's joint from being laid carelessly also. 
The author also complained of the pipes being put together in 
tlie road, and consequently made concave or convex, according 
to the road, and tlien rolled into the trench, and thus the joints 
got broken. He (Mr. Williams) had always seen the pipes made 
up on a cradle, although he objected to that methoa of laying 
pipes. Tliev should be laid in the trench in a proper position and 
pro])erly packed up. He thought the author was in error when he 
stated that with Air. Cathels' pipe it was found necessary, here 
and there, to open a ii ve-feet length to find the spot where the ser- 
vice was to be put in. If he (Mr. Williams) recollected rightly, 
Mr. Cathels' pipe liad a strip from end to end about two inches 
wide running along tlie top or side on both sides. He had laid a 
givat many pipes, and had had them tested night by night with a 
i\to at every joint ; and he had no occasion to touch one of these 
joints afterwards, nor had he after two or three years ever found 
a leak from mains laid with proper care. The question of leakage 
was a moot point connected with gas manufacture, and the 
manager was often wrongly blamed for leakage. He (Mr. Wil- 
liams) believed that a very large proportion of what was called 
leakage was condensation, and not leakage at all. 

^fr. (^OUE said that some yeai's ago he made experiments to 
ascertain the cause of leakage, and also with regard to the re-* 
vived notion of the endosmose and exosmose action which was 
going on in pipes. He used a piece of pipe 400 yards long, and 
testO(l it with water, with pressure gauges, and every other test 
available for the purpose. By constant attention and painting, 
the leakage from exosmose or endosmose action, and leakage of 
joints, was reduced to four cubic feet per hour, as measurea by 
a meter. Taking the quantity of gas made, the temperature at 
w^hich it passed through the meter, and then the temperature at 
which it issued from the gas holder and entered the main, and 
the quantity that was delivered at the other end of the main 
through the meter, it gave a leakage upon that piece of main of 
14 A pci' cent. That proved to him most conclusively that the 
street leakage, of which so much had been said, was far more 
imaginary than real. The reduction in the temperature of the 
gas was the cause of the apparent loss, the reduction existing 
really in the bulk. 

Mr. Whigiit asked the author how he proposed to put in or 
take out a length of pipe with his joint? 

Mr. Mardock asked what wudth of trench would be required 

to lay a 24-inch main of Mr. Barker's pattern? He (Mr. Mar- 

•^onsidered that large mains of that kind w^ould prove very 

•d to lay in London thoroughfares. As to making lead 

id rolling the pipes on an uneven surface after they had 
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been caulked, that was scarcely ever done in London. 
length of pipe was jointed in the trench. In the course of three 
or tool years he (Mr. Mardock) had seen three or four hundred 
services put in, and the ground excavated down to the mains, 
and only very rarely did he observe any signs of leakage. In 
his opinion the lead joint, properly made, was a better jomtthan 
Mr. Barker's. 

Mr. Colter said he thought it would be almost impossible to 
cast pipes like Mr. Barker's with screws that would he sufficiently 
true to be of any practical value. In the nest place they would 
be too rigid, and would not allow for any undulation in the 
ground, and certainly not for much expansion. He had used 
socket pipes with lead joints, both for gas and water ; he had also 
tried them for steam, and had never found such difGculties in 
laying them as the author had described ; and when the joints 
were properly made, he had never known them to fail. He 
would mention a pipe he had seen used for steam purposes. It 
was a flange pipe, or rather a pipe cast with two or three cHps 
upon it according to its size, and which had what he thought 
was called a thimble joint. It was better known in the north 
than in London. The pipes were bored out a httle coniform, 
and had a copper thimble inserted between the two bored sockets, 
and drawn up by bolts. For steam purposes, they were the best 
things he had seen. They were chiefly used in sugar-houses ; 
and a joint that would stand sugar-Liquor, would stand any- 
thing. 

Mr. Olkick observed that it had been stated that the loss of 
gas did not occur so much from leakage as from condensation. 
If there was not leakage, how was the blackened condition of the 
soil, which presented itself whenever the streets of London were 
opened up where there were gas pipes, to be explained ? He 
had been told that there was not only leakage in tne joints, but 
that there was also a leakage through the cast iron, of which he 
had DO doubt, and it was due to the badness of the cast iron, the 
e which would secure good pipes, 
e same cement 
for gas as for water-pipe joints ? 

Mr, Latham said he thought there would bo great difficulty 
in manufacturing Mr. Barker's pipes on a large scale, as pipes 
of large size, to be perfectly sound, should be cast perpendicu- 
larly ; and, therefore, as the spigot end of the pipe was always 
to a certain extent honeycombed, it was always necessary that a 
portion of that end should be cut off. Therefore, with Mr. 
Barker's pipe the best plan for casting large pipes could not be 
resorted to, for if an uncertain length of pipe had to be cut off, 
pipei of the character under notice would lt>e destroyed. 
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gas companies not paying a price which would secui 
He wished to know whether Mr. Barker used the 
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Mr. Bakkeb, in reply, said that the question which appeared^ 
to him to be necessary to answer first, was, how a length of his 
pipes could be taken out and replaced, if required. There would 
te one length of pipe with a socket at each end, and one would 
have an extra length of thread upon it, so that it would be 
screwed in, and then would be drawn back and inserted in the 
length at the other end. and the nuts would lock it up with the 
cement upon the surfaces. There was more strength in his 
hexagonal nut and band for making connexions thau there was 
in ordinary pipes, as the flat surface allowed a longer tliread to be 
cut, and consequently a better hold to be obtained, than in a pipe 
where both surfaces were curved. There was also additional 
strength given to the inserted connecting pipe by the back nut 
havii^ its seating upon the flat hexagonal band. With regard to 
Mr. Cathela' pipe, he had not seen any invention in which Mr. 
Cathels carried a strip from end to end. The patent claimed two 
lengths of band put upon the pipe, one of which was put up to 
the socket (that was not put upon the whole length) ; it was longi- 
tudinally placed, but went off a short distance — he believed one- 
fourth the length. He had been asked the width of trenching 
necessaiT for a ji4-inch pipe ; but as he had never had one of that 
size made, he could not answer the question. It had been said 
that his pipes had not the advantage which he believed them to 
poRsess, as they required a wedge or nail inserted to ^ve them 
curvature in laying them. He had stated in the paper that the 
threads were made with a lash, ao that they did not fit like a turned 
and bored socket joint, but they worked well about, and by screw- 
ing it up and this lash with it, and temporarily inserting a nail or 
wedge in one portion of it, the pipe could be fed over to one side, 
and in a nine-feet length considerable divergence could be given, 
then ; by withdrawing the nail the cement set, sealing the joint 
He had found by actual fact, that when he wanted to go in a dif- 
ferent line, sothathemightget a slight carve in laying these pipes 
one within the other, allhe had to do whilst the cement was wet 
was to place a small nail temporarily in the point which the pipe 
did not bite upon, and that would hold it for a time until the 
cement had set. The action of this pipe was not so much that 
of a screw pipe, but its principle was more that it held within its 
cavities cement which when set was immovable, and could not 
be displaced. As to the leaking, anything which leaked from it 
must come out through the cement before it could get out of the 
pipe, and that he found required a pressure fax greater than gaa 

'i ^ve, and therefore he believed that the joint would not 

Most of the remarks which had been made during the 

ie as to the instability of his pipes, had reference to water, 

^ he had not alluded to water in his paper, as his pipes 
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were intended chiefly for gas. As to expansion and contraction, 
the pipes had no means of obviating that, further than the longi- 
tudinal strain which they would take. The cement that had 
teen nsed for the joints was Portland cement, and as they had 
been found to bear all the tests that had been applied to them, 
up to 200 lb. on the inch, they were sure to prevent the evil of 
leaking at gas main joints. His was a joint for that, and for 
no other purpose. With reference to the laying of pipes on the 
side of a hill, he knew of a case where all the main joints in a 
town had to be remade, in consequence of the weight being 
brought upon the lowest pipe which bore the greatest amount of 
strain. Another case occurred in Eiickingham shire, at a man- 
sion where the pipes were laid up a very steep bill, and they were 
similarly affected. The lead was drawn from almost every joint. 
An allusion had been made to his socket, which it was said was 
not sufficiently stroug. He considered that there was a greater 
strength in his socket than there was in those of other pipes 
used. With regard to cost, the price he had mentioned was that 
at which they were first maniifactured, and they were made 
under all the difficulties incidental to the first manufacture. 
They could, however, now be made at a much less cost. As 
compared with the lead joint, those he had described were cer- 
tainly much cheaper in the putting together, and saving lead 
and yam ; and as compared with the turned and bored joint, 
they saved the expense of turning the pipe. If the old lead 
joints did not leak, how could eminent engineers make such 
statements before the Parliamentary Committee, where the whole 
subject had been thoroughly investigated, and where it was very- 
well understood that one-sixth of the gas made had been lost 
through leakage, as Mr. Cleeg had stated in his evidence. 

The Pkesidbni said that ne thought he might take it that the 
opinion of the meeting was that the Joint described by the author 
of the paper was too rigid, and that the present lead joint was 
preferable. The discussion had elicited a great deal of informar 
tion from many practical men, and they therefore had to thank 
the author on that account, as well as for the tix>able he had 
taken in preparing his paper. 
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April 5th, 1869. 

F. W. BRYANT, Pbesident, m the Chaib. 

THE METHODS EMPLOYED IN THE DETEBMI- 

NATION OF THE COMMEECIAL VALUE AND THE 

PUEITY OF COAL GAS. 

By F. W. HAETLEr. 

In tbe purcliasc of most of the articles of ordinary require- 
meot, the purchaser ia able, to a very considerable extent, to 
exercise iuugment as to the quality aua consequent value of tbe 
articles in question. It ia true that a purchaser may be, and 
often is deceived, however careful he may be ; but still he must, 
perforce, rely solely on his prudence and judgment to secure due 
value for his money when he purchases, inasmuch as the law 
provides him with no special means for his protection. In large 
transactions in articles which are variable in quality and which 
are capable of analysis, the vender or buyer frequently obtains 
the assistance of a skilful chemist, and the quality or purity, and 
therefore the commercial value of the article, is determined hy 
analysis. With respect to coal or other illuminating gas, it is 
scarcely possible for the purchaser to determine by the exercise 
of judgment whether that with which he is supplied is of the 
quality he is entitled to receive. Over the quantity he has a 
power of control by regulating the supply vrith governors or 
with the main cock, and by the use of a meter, which has been 
verified as to correctness of measurement by a public inspector. 
But over quality, he can exercise no proper supervision. It is 
true that ho might engage a skilled operator from time to time ; 
but this would bo expensive ; or he might have testing apparatus 
of his own, learn theu' use, and employ them in his house; but 
]> as testing apparatus cost a good deal of money, require 

t apart for them, much experience and a good deal of 
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fikill in their inanipiila,tion, it is manifest that this latter 
could not be generally ady)ted. Moreover, it would 
imprudent to give to non-official operators the power of seeking 
for penalties, or for compensation from gas companies on account 
of deficiency, or alleged deficiency in quality. 

Seeing that the purchasers oit gas are not, and cannot be, 
generally put into a position to protect their own interests in 
this matter, agreements have been made between the gas com- 
pany and tie authorities, on behalf of the public, in nearly all 
the large towns and many of the smaller places in the United 
Kingdom — agreements which have been inserted as clauses in 
many Acts of Parliament — that the gas should be of a certain 
illnminating quality and degree of purity, as certified by a public 
officer duly api)ointed to test the gas. In case of failure to main~ 
tain the gas at the specified quality, the companies were rendered 
liable to penalties recoverable before a magistrate on the evidence 
of the testing officer. In some cases, it is stipulated that the 
testings shall take place daily. In other places, the times of 
testing are left to the discretion of the testing officer. These 
agreements, when carried into practical effect, undoubtedly pro- 
tect the gas consumer ; but, unfortunately, no attempt was 
made until a recent date to define the precise manner in which 
the testings should be made — a defect, prejudicial both to the 
pubhc and the gas companies. The amplest specification was, 
that common coal gas should be burned at the rate of five eubie 
feet per hour from a 15-hole argand burner with a 7-inch 
chimney, and give a light equal to so many spei-m candles, of 
six to the pound, each burning at the rate of 120 grains of sperm 
per hour. 

In 1860, a distinction was made in the burners to be used for 
cannel coal gas, but simply to the extent of specifying that they 
should be fish-tail or bat^wing burners, the five-feet per hour con- 
sumption being still adhered to. In respect to purity, the gas 
was to be so far free from ammonia as not to discolour a tur- 
meric test-paper exposed for one minute to a current of gas 
issuing from an orifice at -^ of an inch water pressure ; while in 
respect to sulphur compounds, the gas was to be free from sul- 
phuretted hydrogen, and not contain more than 20 grains of 
sulphur in any form per 100 cubic feet. Now as, in the first place, 
the amount of light obtainable from the combustion of a given 
volume of gas depends,hke the power obtainablefrom the explosion 
of a given weight of gunpowder, upon the conditions under which 
it burns, and as there is almost as much difference between 
burners nominally of the same description, as there is between 
^a old-fashioned, ill-made smooth bore and a rifle of the best 
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construction, it is evident that, in the face of so loose a speciS- 
cation, the burners wonld induce differences in the results 
various operators in respect to the same gas, and lead to disputes 
as to its quality. In the next place, no particular form of pnoto- 
meter was specified. This omission has led to little or no evil, 
owing to the fact that the Bunsen photometer has been employed, 
and generally of the same form, or very nearly so. Bat the 
omission might have caused differences and disputes, if any ope- 
rators had chosen to use any other and less perfect photometer. 
Lastly, in respect to the testing for sulphur, no mode was detailed 
as to how this was to be done ; and in spite of the efforts which 
have heen made to secure uniformity in practice, very consideiv 
able improvements need still to be made in the apparatus, and all 
the details of the nwdus operandi, to the minutest point, agreed 
upon, before uniformity of result can be secured even by the 
same operator. 

There can be no question that the conditions imposed as to the 
freedom of gas from ammonia and sulphui- were too stringent, 
and that they were agreed to in the absence of a sufGcient Imow- 
ledge. In tne most recent example of legislation on the subject 
of gas-testing, which took place on the passing of the City of 
London Gas Act last yeai-. Parliament wisely determined to 
authorise the Board of Trade to appoint thi-ee competent persons, 
to form a sort of permanent commission, to be styled gas referees, 
whoHe business it should be to define, from time to time, the 
standard of purity of the gas, determine the methods hy which 
it should be tested, and issue precise instructions for the guidance , 
of the actual operators, who are called gas examiners. The \ 
Board of Trade, some months since, appointed Messrs. J. S. i 
Pierce, F. J. Evans, and R. H. Patterson, as the gas referees, 
and their first instructions were issued to the gas examiners in 
January last. These instructions will be referred to in the course 
of the paper. 

The commercial value and purity of gas depends, as already 
stated, upon — 

Its illuminating power ; 

Its freedom, to a certain extent, from ammonia ; 

Its freedom from sulphuretted hydrogen ; and 

Its freedom, to a certain extent, from sulpliur in any form. 

Ai previously remarked, the amount of light obtainable from 
the combustion of gas depends veiy much upon the manner in 
which it is burned. It appears from documentary evidence that, 
in the " "Txly days of gas lighting, the construction of burners i 
was ^ dered, and the conditions necessaty for the pro- I 

due I beat effect thoroughly understood ; hut although I 
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those conditions have been again and agiun laid down by com- 
petent men, so little regard has been paid to their teachings, that 
not only have burners in almost infinite variety been made daring 
many years upon false principles, but it is even supposed by 
many scientific and practical men, that our present knowledge 
about the construction of gas burners is due almost entirely to 
the investigations of recent experimenters. 

So far back as forty-tbree years ago, Christison and Turner 
published a statement of their investigations, together with cer- 
tain conclusions, which the author of this paper lias summaiised 
as follows : — 

1. That up to a certain maximum consumption for each 
burner, the light increases in a much greater ratio than the 
consumption of gas. 

2. That for each bonier there is a certain size of flame which 
is most economical : this is but a corrollary to the first propo- 
sition. 

3. That in argand burners, the size of the holes and their dis- 
tance from each other is of the highest importance. The holes 
should be so near to each other that the flame unites at its base. 
For gas of specific gravity 550 to 650, the holes should be ^ in. 
diameter, and -^ of an inch apart. For gas of a higher gravity, 
the holes should be ^ of an Inch diameter. 

4. That the size of the central aperture of an argand 
exercises an important influence on the amount of light 
yielded. 

5. That the greatest amount of light is obtained when the 
flame becomes tinged with yellow, and is near to the point of 
smoking. 

6. That the glass chimney should be proportioned to the size 
of the burner and the consumption desired, 

7. That consumers eenerally caunot burn the gas in Buch 
manner as to produce the best effect, on account of the liability 
of the flame to smoke. 

These propositions really comprise all that is know respecting 
the principles which should govern the construction of gas 
burners, and recent experimenters have done no more than de- 
monstrate the coiTectness of the above propositions, and pos- 
sibly to put them into more precise and definite expression. In 
respect to the sixth proposition, practical objections, which the pro- 
pounders themselves saw, exist to its application ; which are, that 
if glass chimneys be reduced to very small diameters, the glass 
is apt to become partly fused and opaque ; the chimneys are kable 
to frequent breakage, and further, ilames inclosed in very narrow 
clmnneya are extremely liable to smoke when the air currents 
are at all disturbed by draughts or other influences. 
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Clegg and Peckston were among the early teachers 
sabject of gas burners, other teachers followed, among 
may be notably mentioned, Alexander Wright, Lewis Thompson, 
Dr. Letheby, and Henry Bannister. The late Alexander Wright, 
some fifteen years or more ago, expressed the result of his obser- 
Tations luci<Jly and shortly as follows: "An ai-gand burner, 

Eroperly constructed, will give more light than a bat-wing, and a 
at-wing more light than a fish-tail burner, each consuming the 
same quantity and being equally adapted for the gas. The more 
gas each burner consumes, the more light will it give per 
cubic foot. Five cubic feet of gas will give more than double 
the light obtainable from 2^ cubic feet burned in the same time 
from a smaller but similar burner. The best resuh is obtained 
when the burner gives a regularly formed flagging and rather 
dusky flame, and the worst result is obtained when it gives a 
vrire-drawn and uTegular flame." 

Lewis Thompson in the " Chemistryof Gas Lighting," published 
in 1851-2, says : " Every burner has a certain iixed amount of 
each quality of gas which it will consume to the greatest advan- 
tage. Every form of burner acts with its maximum effect, 
when its flame is on the verge of smoking. The quantity of 
light is greatest with the argand, and the intensity with the 
fish-tail. (The difference he ascribes to the greater contact of 
atmospheric oxygen with the fish-tail.) Poor or common coal 
gas should issue more gently, that is, at a lower pressure than 
rich or cannel gas, ana from burners having larger holes than 
those for the latter gas." 

The yellow-tinged flame, the flagging flame, and the gentle 
current, all mean the same thing, viz., low pressure, and JIM. 
Dumas, Ecynault, Andouin and Berard, have established as a 
general law, that the greatest illuminating power is obtained 
■with low pressures, and the maximum light with pressures equal 
to -079 to '12 of an inch head of water. They state further in 
respect to various burners : — ^That bat-wing burners of the same 
diameter and burning the same quantity of gas, produce a 
greater quantity of light when the slits are increased in width, 
jSj of an inch width, producing in their experiments the maximum 
effect. The diameter of the burner should be proportioned to 
rate of consumption desired, but is less important than the 
width of slit. iTiat single jet humeri are very disadvantageous 
for light-^ving purposes, The influence^ of the diameter of 
the holes is much less apparent tlian in bat-wing burners. 
That no great advantage is yielded by the fish-tail over two 
single jets, with holes of the same diameter, if the holes be very 
small. Two single jets -i^ inch diameter will give the same light 
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as a fish-tail with holes of the same size. For consumptions 
ranging from 3^ to 5^ cubic feet per hour, holes -ji^ to -jV of an 
inch diameter are the best, and for these consumptions the union 
jet or fish-tail is inferior to the bat-wing with large sUts. That 
argand burners of almost the same appearance may require 
to burn double the quantity of gas to give the same quantity 
of light, and this is dependent ; 

1. On the diameter of the holes or the width of the slit. 

2. On the number of holes. 

3. On the manner in which the air is distributed, which is 
dependent on the actual and relative dimensions of the apertures 
by which the air gains access to the interior, and to the exterior 
parts of the flame, 

4. On the height of the chimney. 

With respect to the first three conditions, their conclusions 
are in absolute agreement with those of Ohristison and Turner. 
With respect to the fourth, they state that an increase in the 
length of the chimney increases the consumption for the same 
amount of light, the difference between an 8-inch and a 10-inch 
chimney being from 5 to 7 per cent, in favour of the 8-inch one. 
The foregoing conclusions relate to common coal gas, but the 
principles remain precisely the same for the richer gases, with 
the single exception that the burners for the latter must he 
made to consume the gas under somewhat higher pressures, so 
as to secure thinner flames, and more surface contact with the 
atmospheric oxygen. 

The investigations of Dumas and associates were so exhaus- 
tive, and those gentlemen expressed the principles which should 
govern the combustion of gas for lighting purposes so definitely, 
that a great impression was created in the minds of scientific and 
practical men, and Dumas and associates are frequently credited 
with having propounded and established principles which they 
only, in fact, confirmed. The author has, therefore, taken the 
opportunity while treating of burners to claim credit for some 
of his countrymen, who at much earlier periods propounded the 
same principles. 

Down to the year 1860, so great a difference existed in the 
burners employed in the determination of the illuminating power 
of gas, that the hght evolved by the combustion of gas of the 
same quality at the parliamentary rate of five cubic feet per hour 
may have differed at times to the extent of 20 per cent. Each 
operator was at liberty to choose the burner which he fancied 
to be the most suitable, and, as a necessary consequence, con- 
troversies arose as to the actual quality of the gas. In the year 
above mentioned, Mr. George Lowe presented to a Committeo 
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of the House of Lords on the Metropolis Gas Supply, an 
argand burner, which, whether intentionally constructed, with a 
full knowledge of, and due regard to, corroct prinaples, or 
whether produced by accident, for the evidence on this point is 
exceedingly contradictory, burned the gas under much more 
favourable conditions as to pressure and air supply than most of 
the burners then in use. No specification of the dimensions of 
this burner was given in the Act of Parliament of 1860, but 
the burner came into verj' general use after that year. 

The author has selected a series of argands, which illustrate 
the importance of the size of the jet holes, central aperture, &c. 
The chimneys are all of the same size, viz., 1| in. diameter and 
7 in. high, but the dimensions of the burners vary, as shown in 
the following table, which gives also the proportionate light 
evolved by each, when burning common coal gas at the rate of 
5 cvfbic feet per hour. No. 1 has a steatite top ; the others 
have !ton tops. 

No. 1. No. 2. No. 3. No. 4. 

Inches Inches. IncbM. Inchu. 

Size of jet holes -06 -05 -055 '03 

External diameter 1-1 1-1 1-10« 1-08 

Diameter central aperture . . -45 '49 -52 -54 

Pressure below burner . . . -045 '05 '05 '18 

I Light given 100 -94 80-5 74*3 

With resjiect to flat flame burners, which aro generally used 
in determining the illuminating power of cannelcoal gas, the 
Act of 1860 IS also, unfortunately, not specific. The external 
dimensions, the width of slit, or size of the jet holes, of the 
burners, and the pressure at which they were to burn the gas at 
the required rate, should have been stated, and also whether the 
side or the edge of the flame was to be presented to the photo- 
meter, for although it is undoubtedly true, that the numoer of 
rays emitted from a mere point of light are equal in all direc- 
tions, it has been found that a flat flame emits less light from 
the edge than it does from the side, owing, no doubt, to part of 
the flame being further removed from the object illuminated, 
and to the want of absolute transparency in artificial lights. In 
1 practice, however, the companies are fairly dealt with by the 
I presentation of the side of the flame to the photometer. Any 
I of the bat-wings in the following table might, under the Act 
f of 1860, be chosen for use in testing cannel gas, although they 
pro(' Ty different effects. 
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r No, 7. 


No. 8. 


No. 9. 


No. 12. 


iDches. 


Inches. 


iQchea. 


iDcbO. 


Diameter of the burner . . -304 


■31 


•324 


•344 


Width „ slit .... -013 


•013 


■017 


•017 


Depth „ -14 


•16 


•18 


■23 


Pressure below bui'ner . . . '675 


•47 


■3 


•25 


Light given for 5 cubic feet) -_.= 
per hour | ( ' J 


92^7 


98^4 


100 



As already stated, the staudaixl light in this country is that 
produced by a spenn candle, of the size of six to the pound, 
burning at the rate of 120 grains of sperm per hour. This 
standard is without doubt detective. It is difficult, if not im- 
possible, to obtain caudles of uniform quality, both^in respect to 
the sperm aud to the wick, and in addition age has also an effect 
upon their rate of burning. It is rarely that a candle is found 
wnich burns at so low a rate as 120 grains per hour, and hence a 
true standard light is seldom obtained, It ia usual, however, to 
reject candles which diverge very widely from the standard rate, 
that is, to an extent of more than about ten per cent,, for there 
are good reasons for believing that with candles as with gas 
burners, the variation in the light given is, under favourable 
conditions, gi'eater proportionately than the variation in the 
rate of consumption. No sufficient data has been established 
upon which to found a rule, and therefore it is assumed in 
practice that the light emitted by the candle is in direct propor- 
tion to the rate of burning. Thus the light of a candle burning 
at the rate of 120 gi-ains being taken as equal to one, the light 
for 130 grains woala be taken as equal to 1'0833. 

In Prance, the standard light ia produced by the combustion 
of colza oil burned nominally at the rate of 42 grammes or 648 
grains j>er hour, in a carcel lamp, the size and the height to 
which-the wick ia to be raised, and the dimenaions of and con- 
ditions under which the chimney-glass is to be used being all 
precisely defined. This standard is, in the author's opinion, even 
worse than the obndle, for there is no uniformity in the rate of 
combustion under apparently identical conditions, and the varia- 
tion in the light ia very great. The author made, some time 
ago, some hundreds of experiments with carcel lamps, which, 
with wicka, chimneys, and oil, were obtained direct from the 
firm in Paris who supply the testing-houses in that city. The 
residts of these experiments were very adverse to the lamp. 

Various schemes for the production of a standard light have 
from time to time been proposed. It would occupy too much 
time to enumerate all these schemes, but one, the most promis- 
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iDg of all, which has been proposed by Mr. Keats, must be men- 
tioned. That gentleman proposes to use a specially constructed 
tamp, under specific conditions, burning sperm oil at the rate of 
750 grains per hour. With this lamp a close approximation to 
regularity of consumption of light is secured, and the value of 
the light obtained is equal to about ten sperm candles. The 
lamp, and the balance which Mr. Keats has constructed for use 
with it, are exhibited on the table, and details of experiments 
are published in the Journal of Gas Lighting of March ] 6th, 
1869. 

The relative illuminating power of light is determined by 
means of the instrument called a photometer. A photometer 
properly so called is an instmment which is based upon : first, 
the power which the eyes possess of judging of the eqnal illu- 
mination of different parts of the same object; and, second, on 
the laws which govern the diffusion of hgbt. Various kinds of 
photometers have from time to time been employed, but now 
there are but two, which are much used, namely, Foucault's 
and Bunsen's. The first is used in France, and is a modiiica- 
tion of Romford's shadow photometer. The object to be illu- 
minated consists of a semi-transparent screen, from the centre 
of the back surface of which and at right angles to it projects 
a thin opaque diaphram, some two or three inches wide. The 
screen and diaphram form in section a X-shaped figure. The 
lights to be contrasted are placed at a little distance apart on a 
rigid bench, or table, and the diaphram side of the screen is 
presented to a point midway between the lights, so that lines 
drawn from corresponding points in each half of the screen to 
the nearest light respectively shall form equal angles. The 
lights cause the diaphram to cast shadows on each half of the 
screen, but if the hghts be equal all appearance of shadow on 
each side is destroyed. If the lights be unequal the weakest 
may be moved nearer the screen, or the strongest removed 
farther away. In France, the gas flame is required to give a 
light equal to that of the carcel lamp, for an expenditure of not 
more than a certain quantity of gas, therefore equality is ob- 
tained bj" increasingor diminishing the gas supply. 

In this coim try, Bunsen's screen is employed, and was first 
applied.here to photometry by the late Mr. Alfred King, It con- 
sists of a piece of white paper, 3^ in. or 4 in. diameter, impreg- 
nated, with the exception ot a spot in its centre of about 1 m. or 
1 1 in, in diameter, with wax or sperm. The paper employed is as 
free as possible from water-marks, or wooliness. Such a screen 
ia of unequal translucency, and when held between the eye and 
a light, the centre spot appears comparatively dark, but if the 
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screen be illuminated equally on each side, its tranalucency will 
disappear, as will also the greater opacity of the centre spot, 
owing to the reflected and transmitted rays being balanced in 
their effect. The disappearance of the centre spot is, however, 
tme only in theory, for the texture of the paper necessarily 
differs in the greased and ungreased portions, and this difference 
is nearly always manifest : in addition to which, the lights con- 
trasted are seldom of the same colour, and the greater this 
difference is, the less Ukely is the spot to disappear. Neverthe- 
less, sufficient neutralisation of translucency is produced to 
enable the experienced operator to decide with ease and a con- 
siderable degree of certainty when equality of illumination 
exists. 

It is a well-known law that the uitensity with which an object 
is illuminated is in an inverse proportion to the square of the 
distance of the object from the light, or source of light. If a 
light be put successively in the centres of globes of 2 ft., 4 ft,, 
and 6 ft. diameter respectively, it will in each case illuminate 
the whole interior surface, but inasmuch as the superfices of 
globes are to each other as the squares of their radii, it follows, 
that while the quantity of light thi'own upon a given area, say 
one square inch, would, with the 2 ft. glooe, be equal to one, it 
would with the 4 ft. globe be equal only to "25, and with 
the 6 ft. globe be equal only to -111. If it bo conceived that the 
screen, when equally illuminated by two flames, forms part of 
the boundary of two globes, in the centre of each of which one 
of the lights is situated, then the number of superficial inches in 
each globe vriW express the relative quantity of light given by 
the flames. These considerations are usually expressed by the 
law that lights which equally illuminate an object are to each 
other as the squares of their distance from the object. 

The Bunsen photometer is made in somewhat different forms, 
and ranges in length from 50 in. to 100 in. between the lights. 
That exhibited, and which is illustrated at Fig. 1, is Dr. 
Letheby's form, and this, in the author's opinion, is the best 
Bunsen photometer extant. It consists, like most Bunsen photo- 
meters, of a wood rod, about 4 in. broad, set on edge; the 
length in this kind being 60 in. between the tights. It, like 
other photometer rods, is graduated into squares of distances, 
which represent the value of the stronger light in multiples and 
decimal parts of multiples of the value of the weaker light. In 
common with most other Bunsen photometers, a slide or saddle 
&ta upon and carries the Bunsen screen at right angles to the 
rod. In this photometer the screen i ' ' 
which is open at the ends and i " 
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with two reflectors set at an luigle, so as to reSect the two sides 
of the BcreeD to the eyes. The inatnunent is further provided 
with four rectangular blackened screens, which prevent to a 
great extent the (Utfiiaion of light into the operating room, and 
col off from the operator's eyes all rays save those reflected 
from the screen. With ordinary photometers it is usoal, and 
indeed necessary', to blacken the ceiling and walls of the operat- 
ing room, in order to prevent the interference of reflected light, 
but with this instrument such a precaution is hardly needful, 
especially when the photometer is provided with blacK cortuna 
in a manner similar to that exhibited. 

A teat of the illuminating value of the gas is made by com- 
paring the light of a flame produced by burning the gas at the 
rate of five cubic feet per hour with the light produced by the 
flame of one candle, or with the flames of two candles, made of 
sperm, and six of which weigh one pound. In order to deter- 
mine the rates of consumption it is necessary to employ a 
balance to weigh the candle or candles, an accurate meter to 
i the gas, a governor to maintain regularity in the gas 
a COCK with a micrometer attached to its plug for 
lug minute adjustments in the gas supply, and nnaUy, a 
thoroughly well-made clock to measure time. The balance is 
usually separate from the photometer, and the candle or candles 
have to be removed in order to be weighed. The author has 
etiected an improvement by combining the balance with the 
photometer, so that the candles can be weighed wliUe in 
actual position for use, and without the necessity for extin- 
guishing them. It is but fair to observe that Mr. Keats was the 
first to publish a method of weiring the candle while in position 
for use, but his system was different from that of the author, 
and required a specially constructed balance, which was scarcely 
available for other uses. 

The index of the meter is constructed to show in one minnte 
the rate of consumption of gas per hour. The governor is a 
delicate automatic instrument, which, when adjusted to give a 
specific pressure of gas at its outlet, will maintain that pressure 
uniform, notwithstanding that the pressure of the gas entering 
it may vary considerably. It is of course to be understood that 
the governor is only a regulator of pressure, and that the gas 
•nnBt always enter it at a higher pressure than it is requii'ed to 
)e discharged at. The micrometer is interposed between the 
joveraor and the bui-ner. The minute clock is capable of indi- 
cating seconds and of striking each minute. 

The following is a description of the apparati 
b«ing made to " of the engraving : 
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A. Photometer bar gradu- 
ated into squares of the dis- 
tances between the lights. 

B. Slide Bupporting the box 
which contains the disc and 
reflectors. 

C. Gas-bnmer on upright 
gas-tube fitted with pressui'e 
gauge. 

D. Horizontal gas-tube con- 
nected to C, and fitted with 
micrometer cock at D. 

E. Balance, carrying-holder 
for two candles and counter- 
poise pan. 

F. Box of weights, beside 
which is a circular bos for 
shot, used in counterpoising 
the candles. 

G. Base board to which the 
apparatus is fixed. 

H. Experimental meter on 
stand. 

I. Experimental governor. 

1, 1', 2, 2'. Screens with dull 
black surfaces, to prevent the 
interference of reffected light 
and to shield the operator's eyes 
from the direct rays of light 
from the flames. 

The gas first enters the 
meter, by which it is measured, 
passes next into the governor, 
and thence through the tubes 
D and C to the burner. 

The proceedings necessary 
for an experiment are as fol- 
lows: Several sperm candles are 
aut into halves, and the wicks 
of the lower halves exposed by 
cutting away a portion of the sperm, the halves are all lighted and 
are allowed to bum in a place free from draughts until a well- 
formed wick of maximum size is in each case attained. The 
candles are then all carefully extinguished by toucbing the top of 
each wick with a piece of sperm, and immediately blowing out the 




J 



lis 



THE PUBITT OF COAl QAB. 



flame. The candles are then ready for use. K with any o 
of tho pieces the wick is out of the centre of the candle, or the 
I'lindlv will not form a tolerably regular cup, or if, in short, it 
up]n>arEi ill luij- i-es|>cct of inferior riuahty, it is at once rejected. 
Two satiafactory pieces ai'e taken, preferably the upper half of 
one, and the lower half of another candle, and p)aced in the 
EiDcketj wliicli are suspended from the end of the balance. Two 
piocos of candles are used to secure, in the mean, the nearest 
apI)ro»ch to tho parliamentary rate of bumiiij^, and pieces of two 
oandlu may possibly give the nearest approximation. 

The gat is next turned on to the launier and lighted, the 
micrometer cock being first fully opened, the governor is then 
adjusted by means of its pressure weights until the hand of the 
iilotur index makes rather more than one revolution per minute, 
lis timed by the clock, thereby showing a consumption of about 
5^ cubic feet of gas per hour. Next the micrometer cock is 
turned by degrees partly off, until it is seen that the pointer of 
the meter ludex makes an exact revolution in each minute. The 
candles are now lighted, great care beuig taken on every occa- 
sion of lighting to well warm the sperm at the base of tlie wick 
with, say, a lictited taper, and thereby prevent the combustion of 
any portion of the wick before it can obtain a fidl supply of 
melted sperm. The candles are then nearly counterpoised, and 
the operator waits until the balance turns, and its pointer or 
cock toudies the centre of the attached arc ; the time at which 
this occurs is taken to a second by the aid of the minute clock. 
If it be intended to make ten minute weighings, a weight equal 
to 20 grains for each candle, or 40 grains in all, is placed on the 
candle-end of the balance. Then comes the actual photometric 
oxpeiiment, which consists in shding the saddle carrying the 
screen along the rod, until the two images of the screen reflected 
by the min'oi's appear equally illuminated. By reference to 
the scale on the rod, the value of the gas flame for illuminating 
purposes, as compared with the value of two spenn candles, is 
obtained. One such observation is made for each of the ten 
minutes, if possible, and the mean of the whole is taken as the 
value of the gas. 

Should the operator have no assistant, he devotes himself at 
tho end of the ninth minute to the balance, in order to catch the 
it second at which it again turns. Should he miss seeing it 
L he has but to add another 40 grains to the candle side, 
, fu '' comparisons between the lights, and be more 
in good time to the balance. Under these cir- 
mean of the photometric readings for twenty 
taken. 
, but uot so good a one, of finding the con- 
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sumption of the candles, is to weifili tliem before lighting, and 
then to lig>it them with great pTOmptitude wlien the clock strikes 
or indicates the commencement of a minute. When, say, ten 
minutes have expired, the candles are to be extinguished with 
equal promptitude and re-weighed ; the bright tops of the wicks 
being touched with sperm to prevent smouldering. If it be sup- 
posed that the mean of the photometric observations gives a lignt 
6-4 times greater than that produced by two candles, or the light 
of 12'8 candles, and that the candles burned 40 grains in 9 minutes 
and 40 seconds, or in 580 seconds— the time due to such con- 
sumption being 600 seconds — it would be assumed that the 
candles gave more than the standard light, and the value of the 
gas would be corrected by proportion, and its value raised to 
13'24 candles — 

580 : 600 : : 12-8 : 13-24. 
If the candles exceed the time due to the consumption of a 
speci6c auantity of sperm, a similar correction would be made, 
taking the proper time (600 seconds for 40 grains with two 
candles) as a constant multiplier of the observed value. By the 
second method of weighing the number of grains burned in a 
given number of minutes is determined, and the number of 
grains, instead of the seconds of time, is used in correcting for 
tne consumption of the candles. Supposing that the relative 
value of the gas Same were, as before, 12-8, and that the candles 
burned 41*38 grains in ten minutes, then the corrected value of 
the gas would be 13'24 as before — 

40 : 41-38 : : 12-8 : 13-24. 
The gas referees lay down a condition that no photometric expe- 
riment is to be recorded ua the public testings in London, in 
which the candles vary more than 5 grains each per hour from 
the standard quantity. This would limit the times for the con- 
sumption of 40 grains in the first system of weighing to between 
576 and B26 seconds, and the consumption for ten minutes in 
the second system between 41 '66 and 33"33 grains, two candles 
being in each case employed. The authors experience leads 
him to doubt whether sperm candles can be regularly produced 
which will meet the conditions imposed by- the referees. 

It has not been usual in testing ^s on behalf of the public, 
or indeed generally, to correct the volume of the gas for tem- 
perature and barometric pressure, but the referees have direc- 
tions to be made in the London testings, and hence the volume 
of the gas, as measured by the metei's, is to be reduced to a 
standard volume at 60° Fall, and 30 in. bai". Five cubic feet of 
gas measured by the meter when the thermometer is at 56 deg., 
and tlie barometer is at 30-5 in,, would, at 60° and 30 in., 
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measure 5*125 cubic feet. The density of the gas would be 
greatest at 56°, and 30 in., and it would give more light than 
5 ft. at the standard temperature and pressure. A second cor- 
rection is therefore to be made in the illuminating power, and 
the value of the gas, the aforegoing example, would be reduced 
to 12*91 candles — 

5-125 : 5 : : 13-24 : 12-91. 

For the easy correction of volume, tables are to be used, 
which tables are identical with those published by Mr. Alex- 
ander Wright, for use with his specific gravity apparatus. 

While admitting the correctness in theory of the referees' 
decision, it may, perhaps, be disputed by some persons whether 
this last refinement in photometrical operations is necessaiy or 
advantageous in determining the commercial value of gas. No 
doubt such corrections will sometimes put the public and some- 
times the gas companies at a disadvantage. 

It may, moreover, be said, that the commercial value of gas 
depends upon the light which it yields under* actually existing 
circumstances, and not upon what it would give under theo- 
retical conditions. The author, however, strongly inclines to 
agree with the referees' decision. 

In the Metropolis Gas Act of 1860, it was enacted, that " Gas 
shall, with respect to its purity, be so far free from ammonia and 
sulphuretted hydrogen, that it shall not either discolour turmeric 
paper, or paper imbued with acetate or carbonate of lead, when 
those tests are exposed to a current of gas issuing for one minute 
under a pressure of -^ of an inch of water. In respect to these 
tests it will be sufficient to say, that their efficiency depends 
upon the delicacy of the test papers. Those used by gas analysts 
and gas companies are generally of the best kind, but many 
so-called test papers are sold, which are almost worthless. It is 

?uite certain that a good turmeric paper can be rarely exposed 
or a few seconds only to a current of coal gas without becoming 
somewhat discoloured, a circumstance to excite little surprise, 
when it is remembered how difficult it is to free gas entirely 
from ammonia, and that so small a quantity as one grain in 100 
cubic feet of gas is said to be sufficient to affect a turmeric test. 
The gas referees say that the gas shall be considered impure — 
rendering the company which issues it liable to the penalties 
described in the Act of 1868 — ^when it contains more than five 
grains of ammonia in each 100 feet, or when it shows the Jeast 
trace of sulphuretted hydrogen, and they have directed that all 
thp "onsumed in testing for illuminating power shall be 

^ rougli an apparatus in which slips oi bibulous paper, 

vith a solution of acetate of lead, are suspended in a 
8, This, as the author understands the instructions, 



Tnr; pdrity of coal gas. 115 

would give an exposure of more than three liours, and wouhl 
constitute an efficient test for sulphuretted hydrogen. 

With respect to ammonia, the test is to he a continuous one 
for a perioa of nearly twenty-four hoiu^. The apparatus con- 
sists of two glass cylinders, in which are placed pieces of broken 
^lass, or glass beads. The cylinders are connected together, 
and the gas operated upou is made to pass through both at the 
rate of not less than '75 cubic feet per hour, the gas being 
measured by passing through a wet meter after it escapes from 
the cylindevs. This course is adopted to prevent tiie possible 
absorption of ammonia by the water in the meter. Two test 
solutions are to be used, one of dilute sulphuric acid of such 
strength that ten measni-es will neutralise one grain of ammonia ; 
the other, of a solution of ammonia, 100 measures of which 
contain one grain of ammonia. 

The mode of testing is as follows ; — A quantity of the dilute 
acid solution, in excess of any equivalent quantity of ammonia 
likely to be iji the gas, as taken, and one half is poured into 
each of the cylinders. The gas is then passed through 
both cylinders. The ammonia will be arrested by the acid, 
and a quantity of the acid will be neutralised. From these 
cylinders the gas passes on to the sulphur test hereinafter 
((escribed. At the end of about the twenty-third hour, the gas 
current is stopped, and the glass cylinders and the glass they 
contain are to be well washed with distilled water, and the 
washings are to be collected in a glass vessel. One-half is to 
be set aside for a week in a bottle, duly labelled. One-fifth of 
the remaining portion is to be taken in a separate vessel, and 
solution of hematine added till the liquor assumes a brown 
colour. An alkalimeter is to be filled with the test ammonia 
solution, and some of its contents is then to be dropped gra- 
dually into the portion of the washings operated on, the mixture 
being continually stirred. "When the colour of the mixture 
changes to pink, the quantity of the test solution tised is to be 
read off from the alkatimeter. That quantity will represent the 
amount of free acid left unacted upon in the cylindei-s, which, 
deducted from the original quantity put into the cylinders, 
will represent the amount of sulphuric acid acted upon by 
the gas. 

If the gas is to be passed through the apparatus at the rate of 
'75 cubic feet per hour for twenty-three liours, about 17'25 cubic 
feet will on every occasion be operated upon, and as the gas is to 
contain no more than five grains in 100 cubic feet, the maximum 
quantity in 17'25 feet should be '8625 of a grain. Ten paits of 
the acid will neutralise one gi-ain of ammonia, and therefore 
twentypartsof acid would give an ample excess. Suppose tweuK 
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hings be ^^| 
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parts of acid be used, and tbe whole quantity of ^ 

a/temards operated upon with tbe ammonia solntion, and it it 
found that 135 parts of the solution (100 parts of which contain 
one grain of ammonia) be required, it would show that '65 of a 
grain of acid had been neutralised by the ammonia in the gas, 
and the quantity per 100 cubic feet would be 3'188 grains — 

17-25 : 100 : : -fiS : 3-188. 

As by the directions one-tenth part only of the washings is to be 

operated on, the quantity of test ammonia solution to give a 

siniilar result to tbe above would of course be only 13"5 parts. 

The determination of the quantity of sulphur contained in 

Euriiiecl gas, is surrounded with diiEculty and uncertainty. 
!oaI gas, however completely purified by the present known 
methods, contains bisulphide of carbon and some other com- 
pounds of sulphur, whose composition is uncertain or unltnown. 
It has not been found practicable to determine the percentage 
of these sulphur compounds by any direct analytical process. 
The first part of the method of analysis generally adopted 
consists in liuniing gas and collecting the resulting products. 
There ia no question that during the combustion of coal gas 
sulphuric and sulphurous acids are evolved, and that the latter 
acid is in the largest proportion. The great difficulty in the 
way of quantitative analysis lies in oxidising the sulphurous acid 
into sulphuric acid, and the uncertainty as to the accuracy of the 
results obtained is caused by the absence of everything like 
absolute knowledge as to whether tbe oxidising of the sulphur- 
ous acid has been complete, or to what extent it has been par- 
tially effected, 

The first instrument which was devised for discovering the 
quantity of sulphur whicli gas contained in the form of bisul- 
phide of carbon, &c., was 
produced by the late Mr. 
Alexander Wright in the 
year 1851. It is illus- 
trated at Fig. 2, and con- 
sisted of a Liebig's con- 
denser, in which a small 
jet of gas was burned, the 
air n-itn which the gas was 
supplied being charged 
Fro.. 2. continually with vapour of 

ammonia. The products 
lustion, consisting of water, carbonic acid, sulphurous 
jhuric acids, together with ammonia A-apour, nitrogen, 
ixcess of air passed on wai-ds together through the instru- 
id it was supposed that the sulphur acids were com- 
:«sted. and thrown down with the condensed water, in 
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combination with ummonia. This instrument was first used 
with a stream of icy cold water passing through the condenser — 
the maximum condensation being tnus effected — but it was 
found after the lapse of some time, and with an extended expe- 
rience, that the largest quantity of sulphur was rarely or never 
indicated when the largest quantity of condensed water was 
obtained, but that the reverse of this was the case. The ques- 
tion of the quantity of sulphur in gas was not then, however, 
considered so important as at a later period, and no very 
earnest attempts were made to fix tlie conditions under which 
the greatest quantity of sulphur could be obtained, or made 
apparent. 

It may be supposed that when the Metropolis Gas Act of 
] 860 was passed, and it was enacted that the gas supplied in the 
metropolis should not contain more than 20 grains of sulphur in 
100 cubic feet, no person doubted that Wright's and similar 
instruments afforded the means of arriving at the total quantity 
of sulphur in coal gas. But this opinion, if it existed, was cer- 



tainly 



and the gas compi 



8 of London and of other 



places have for years been struggling to attain to such a degree 
of purity in the gas as would meet the conditions imposed. 
Fortunately, their efibrts have been tolerably successful, although, 
doubtless, the cost for purification has been largely increased. 
The gas referees in this matter, as in others, have power to 
establish the degree of purify of the gas ; they have decided that 
Dr. Letheby's apparatus shall be used. At present they simply 
direct the tests shall be made and recorded, with a view, no 
doubt, to ostabUsh complete data, before deciding upon a standard 
of purity. 

Dr. Letheby, on his ap- 
pointment in 1852 as gas 
referee in the City of Lon- 
don, turned his attention to 
the question of sulphur in 
purified gas, and in the year 
1853 or 1854 produced his 
apparatus, which since that 
time has been generally used. 
It is seen at Fig. 3, and con- 
sists, as now made, of a glass 
condenser, cylindrical in 
shape, with hemispherical 
ends provided with open 
necks, 2 in. diameter, and 
2 in. long. The dimensions 
of the condenser are 4iin. 
diameter, and 13 in. length, Iro.^, 
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The cotideiisei- is pliwed upon a wooden stand, which misea the 
condenser about 20 in. A trvunpet-shaped glass tube, 3 in. mde 
at the base and J iji. wide at the top, where it is bent at a right 
angle, is fitted bj- means of a cork into one of the necks of the 
cylinder, and hangs with the wide end downwards. A tube § in. 
diameter, and about 4 ft. long, bent at an angle, is fitted with a 
cork also into the other neck of the cylinder, and projects 
upwards. A Leslie burner is placed below the trumpet tube, 
and below that a bottle containing a quantity of tho strongest 
liquor anunonia. This bottle is covered by an inverted glass 
funnel fitted with a tin tube, which passes upwards tluwugh the 
centre of the burner to about an inch above the jet holes. 

When these instruments were first made, the same care was 
not taken, as at present, to preserve in each an absolute equality 
in the dimensions of the parts, or in the rate at which the gas 
was burned, or in the temperature of the i-ooms in which tne 
instruments were used. It was found, however, that all these 
matters, or conditions, exercised considerable influence; the 
same gas bumed at the same rate in instruments of different 
dimensions yielded in the analysis unequal quantities of sulphur, 
and the same effect arises when gas is bumed in the same 
instrument at different rates of consumption. These variations 
are due, there is little doubt, to the different temperatures pro- 
duced in the cylinder, and the degree to which the sulphurous 
acid is oxidised and combined with the ammonia. It is not 
probable that with any instrument of this character the whole 
of the sulphur in gas will be determined, but that is of little 
importance in a commercial test, compared with accordance in 
the results. If gas be purified to the highest degree which 
chemistry and practical experience sliow to be possible, it matters 
little whether the test which is used exhibits the whole, or a part 
only, of the pereentage of impurity, providing the test be reliable 
and uniform in its indications. 

The gas referees direct that the testings shall be made in a 

room where no gas is bumed other than that which is being 

tested for sulphur and ammonia, and that in order to secure 

accuracy, this testing shall be made by two sets of apparatus 

simultaneously, and the average of the results so obtained shall 

be held to show the amount of sulphur contained in the gas ; that 

the gas shall be burned at the rate of -75 cubic feet per hour, and 

during a period of nearly twenty-four hours, at the end of which 

time the combustion of gas in both sets of apparatus shall be 

stopped simultaneously, the condensers emptied, and the condenser 

ajid tubes well washed with distilled water. As soon as this is 

le, the apparatus is at once to be set to work again. The 

ther operations for such apparatus is described as follows, 

[ arc tfie same as have been practised for some years past. 
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T!ie liquor formed iii the condenser, arnil the water used in 
washing the apparatus, shall be put into the same vessel. One 
half of the liquid so obtained is to be set aside and preserved for 
a week, in case it should be necessary to verify the coixectness of 
tlie analysis. The other half of the liquid is to be boiled for ten 
minutes, and then heated with an excess of muriatic acid. An 
escesa of a solution of cldoride of barium is next to be added, and 
the solution again boiled for half an hour. The liquor is tbeu 
allowed to cool, when the sulphate of baryta formed will settle at 
the bottom of the vessel; the liquor is then to be poui-ed on to a 
filter paper, and the sulphate of bai-yta left thereon is to bo well 
washed with hot distilled water, so as to perfectly wash away any 
of the muriate of ammonia or baryta. In order to ascertain that 
the ammonia or baryta has been wholly removed, a small quan- 
tity of the liquid should be placed in a test tube, adding a drap of 
solution of nitrate of silver ; should the solution, instead of remain- 
ing perfectly clear, become cloudy, the washing must be re- 
peated until no cloudiness is left. The filter paper and its contents 
are then made red hot in a platinum crucible, the paper burned 
to a white ash, and the resulting sulphate of baryta is to be care- 
fully weighed ; 117 parts of sulphate of baryta contain 16 parts of 
sulphur, and therefore, if 27 grains of sulphate result from the 
products of the combustion oT 18 cubic feet of gas, the result 
would be equal to 20*5 grains of sulphur per 100 cubic feet for — 
18 : 100 : : 27 : 150 and 
117 : 16 : : 150 : 20-5. 
The volume of the gas used in testing for ammonia aud sulphur 
is also to be corrected for temperature and baroraetic pressure. 
The temperature and pressure ai'e to be noted when the appa- 
ratus is set to work and when they are stopped, and the mean of 
these observations taken. This method of noting temperature 
and pressure is no doubt the best that can be adopted although 
not perfect, 

The author has now completed his exposition of the methods 
which are practised on behalf of the public for determining 
the commercial value and the purity of coal gas, and he believes 
that there is no place in the world in wliich gas is subject to 
such rigid supervision and severe analysis as in the large towns 
in England. In France, tho tests for purity go no further than 
the exposure o£ test papers to the gas. In some parts of Ame- 
rica, gas is subjected to analysis possibly as severe as in this 
country, but in some countries no tests are made at all. If the 
gas consumers only realise the existence of rigid supervision, it 
is possible, that instead of so often finding fault with the com- 
panies for deficiency of light, sootiness of the gas, &c., they 
would turn to their fittings and burners, in the belief that they 
would there find the causes of dissatiaiac^^Kivi.. Toss s»!CV; 
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thinks tliat if each gas consumer were to contract 
year with a really competent gasfitter to look after tlie 
and burners, in the same way as shopkeepers do with makers 
of measnres with respect to scales and weights, &c., much or all 
of the inconvenience complained of would never he experienced. 
The imperfections of part of the present svstem of gas testing 
have been mentioned, and this paper would scarcely be com- 
plete without some observations on the jet photometer, which 
has been proposed as a substitute for all photometers which 
depend on a comparison of flames : on Valentin's snlphur teaf^ 
which it is believed renders the determination of the absolute 
quantity of stilphur in gas possible, and finally, on the modes 
of testing gas specially employed by gas makers, to satisfy them- 
selves as to the quaUty of gas at various stages of its manufac- 
ture, and when sent out to tlie public. 

The jet photometer is an instrument which is based upon a 
well-known fact established many years ago, bat which received 
comparatively little attention iintil the late Mr. George Lowe 
brought it prominently forward, viz. ; That the length of a flame 
produced by the combustion of gas from a jet under an exactly 
uniform pressure varies with the illuminating power of gas, 
the richer the gas the larger the flame. Jets provided, or in 
connexion, with graduated scales and pressure gauges, have 
been used in some gas-works for many years to show the 
quality of the gas during its production. These apparatus 
were generally wanting in delicacy in respect to measurement 
of pressure. 

The present jet photometer (Fig. 4.) con- 
sists of a steatite jet fixed upon a ven' deli- 
cate King's pressure gauge, capable of indi- 
cating pressures to a minuteness of at least 
T^ of an inch water pressure. The gas is 
made to pass through the gauge to the jet, 
and the pressure is regulated by a delicately 
acting dry or wet governor. The inBtniment 
is sometimes inclosed in a wood casing with 
a glazed door. A scale of inches and parts 
is engraved on the glass, and a corresponding 
' scale in porcelain is fixed at the hack of the 
cupboard inside. The base line of each scale 
coincides in level with the top of the jet. 
This plan of inclosure originated, the author 
believes, with Mr. Sugg. Sometimes the jet 
surrounded by a glass chimney graduated 
inches and parts. With these instru- 
1 ments twelve-candle gas issuing at ^ pres- 
sui-e gives a fiame 6 in. long. " " 
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suggested, in 1863, the possibility of making an instrument to 
register continuously, during a number of hours, the height 
of the flame ; and Messrs. Kirkham and Sugg have since 
that time constructed a very beautiful apparatus in ivhich the 
height of the jet flame and the acting pressure are registered 
by means of photography. Something of the kind had been 
attempted some years ago at the Great Central Gas Company's 
office, but was not successful. Messrs. Kirkham and Sugg's 
apparatus is exquisitely contrived, and reflects the greatest credit 
on its constructors. Such instrumeuts have been proposed as 
constant tests of the illuminating power of gas, but the author 
thinks that they would scarcely satisfy the pubhc. There is a 
definiteness and intelligibility about the present system which at 
once strikes the understanding of those to whom the system is 
explained, and the standard referred to, whether it be a candle 
or a lamp, is one which is familiar in every-day life. The 
length of a jet flame would have no significance to the public. 
A further objection is, that every instrument would, of 
necessity, have to be referred to one special officer, in order to 
secure uniformity in the sizes of the flames produced from 
various instruments, under certain specific conditions ; and, 
lastly, there might arise irregularities in the results, or indica- 
tions from possible changes by wear and increased friction in the 
gauge, governor, &c. 

If a jet be used in public testing, the author believes an 
absolute measurement oi the gas to be indispensable. Christison 
and Tui'ner suggested, in 1825, the detei-mining of the value 
of gas by the discharge of a specific volume from a gas holder, 
under a given pressure, througn a jet — the height of the flame 
being constant, and the times for the consumption being accu- 
rately taken, 

Mr. Valentin's method of analysis for sulphur is effected by 
means of the apparatus shown at Fig. 5, and is as follows : 




122 THE PUEITY OF OOAIi GAS. 

A tube of platinum, about f in. diameter in one part, and ^ in. 
in another, and about 11 in. long, is partly filled, in the narrow 
part, with a closely fitting platinum wire cage (charged with 
spongy platinum), and partly, in the wide part, with soda lime 
(made by slaking pure lime with a solution, m distilled water, of 
pure caustic soda). This tube is placed in a gas furnace, and 
maintained at a high temperature, while a mixture of gas and 
air, in due proportions, is sucked, as it were, by means of an 
aspirator, through the tube. The due proportion of gas and air 
is shown by the absence of smoke-like fumes in the glass vessels 
which are interposed between the combustion tube and the 
aspirator, and also by an appearance of imiform heat in the 
tube. A deficient supply of air leads to local combustion, and the 
tube becomes hotter at the point where combustion begins. The 
mixture passes first through the spongy platinum, and is burned 
in the most perfect conceivable manner, tnence the products pass 
through the soda lime, which absorbs every atom of the sulphuric 
acid generated, for it is believed that every atom of the sul- 

Ehur in the gas is converted into sulphuric acid. Mr. Valentin 
as also used a porcelain tube, but then, instead of passing through 
soda lime in the tube, the products have been drawn flirough a 
strong solution of caustic soda contained in a glass flask. The soda 
lime in the one case is dissolved in dilute hydrochloric acid, and 
in the other case sufficient of the acid added to the soda solution. 
The sulphuric acid is afterwards precipitated with chloride of 
barium, and the further operations proceeded with as when 
Wright's or Letheby's apparatus is used. Valentin's apparatus 
gives a little more trouble than the others, owing to the necessity 
of using an aspirator, and it demands some delicacy of mani- 
pulation in its use. 

Gras manufacturers employ for testing their gas : 

1. The jet photometer, to indicate the quality of the gas as 
it is produced. 

2. The Bunsen photometer, to test the value of the gas issuing 
from the works. 

3. A specific gravity apparatus — not now much used. 

4. Test papers for ammonia and sulphuretted hydrogen. 

5. A eudiometer, to analyse the gas in its crude state for sul- 
phuretted hydrogen and carbonic acid, and in its purified state 
for carbonic acid, carbonic oxide, and for hydrocarbon compounds, 
upon the volume of which last depend the light-giving value of 
the gas. 

The first, second, and fourth tests have been already consi- 
dered. 

The specific gravity test is now considered valuable only as a 
means of arriving at the weight of the gas produced. It is 
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especially useful when testing the productions from coals, the 
weight of the gas added to the weight of the tar, aiumomacal 
liquor, and of coke, give the weight of the useful products, and 
this weight being deducted from the weight of the coal operated 
upon, the difference shows tho loss arising from impurities and 
waste in manufacture. 

Specific gravity apparatus are of various kinds; that at present 
most used by gas makers is Mr. Wright's ; it consists of a light 
balloon, capable of holding one cubic foot of gas. It is first 
weighed when folded up and empty. It is then filled witli gas, 
and as many grain weights (each of which is equal to the weight 
of 1-728 cubic inches of air at 60° Fahr. and 30 in. bar) are 
placed in the pan or car of the balloon as it will support. The 
total weight of the balloon and what it carries are deducted 
from the weight of a cubic foot of air, and the weight of the sflS 
thereby obtained. Tables are used with the apparatus by which 
the volume of gas is reduced to standard temperature and 
pressure, its correct gravity determined. 

The next most convenient specific gravity 
apparatus ja Schilling's, illustrated at Fig. 6, 
which is based upon Bunsen's method. It 
consists of a cylindrical glass vessel and an ' 
inner movable glass tube, the latter fitted at 
its base with a metal foot or stand, and at the 
top witli a metal cap, which is provided with 
a cock to admit gas, and with a central cock 
having two ways, one for the admission of air 
to the glass tube, and one for the discharge 
of air and of gas in the experiment. By this 
apparatus the specific gravity ia determined 
by the times required for the discharge of 
et^nal volumes of air and of gas, through a 
minute orifice in a platinum plate mounted on 
the nozzle of the central cock. 

The square of the number of seconds re- 
quired for the discharge of the gas divided 
by the square of the number of seconds re- 
quired for the discharge of air, gives the spe- fio. 6. 
cific gravity of the gas. No correction is 
needful if the tcmpei-atui-e of the air and gas be equal, about 
the securing of which there is no difficulty. If the time of dis- 
charge for air be 240 seconds and for gas 180 seconds, the 
squares would be 57,fi00 and 32,400, dividing the latter by the 
former "562 would be the quotient, and the specific gravity 
of the gas, 
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The eudiometer shown at Fig. 7 is a glass tube 
about I inch diameter and 30 in. long, in shape 
very like a walking-stick with a crook handle, 
the end where with a stick the ferrule would be 
is closed, while the end of the crook is open. 
The tube is graduated into parts each of which 
ec|ual "2 per cent, of its contents over a certain 
length. An upright cylindrical tank to contain 
water is also employed. It ia a little deeper 
than the tube is long. In this tank the eudiometer 
is immersed for one minute before reading from 
the scale, so as to reduce the gas to a uniform 
temperature on every occasion. 

The method of operating is the same whatever 
' be the subject of investigation, and is as fol- 
lows : The eudiometer tube is first filled with clean 
water, then a small flexible or a glass tube is passed 
into its open end and gas is allowed to enter until 
the eudiometer is charged to a slight excess, that is, the gas is to 
extend a little beyond the zero of the scale when the eudiometer 
ia held upright. The small tube being removed, the eudiometer 
is immersed in the tank, which must have been charged with 
dean water, for one minute. It is then raised vertically until 
the water level within coincides with water level in the tank. 
K the water in the eudiometer be above zero, more gas is ad- 
mitted ; if the water be below zero, a portion of the contained 
gas is discharged by inclining the tube so that a bubble or two 
escapes. It is then immersed for a minute, and if when again 
raised the two water levels coincide with zero, the necessary 
re-agent is dropped into the open end of the tube, the opening 
is then tightly closed with the thumb or a stopper, and the tube 
well shaken. 

Before removing the thumb the tube is turned, so that the 
end of the crook BhalJ he the lowest point of the eudiometer, the 
water it contains falls over to the thumb, and the gas passes 
towards the closed end. The eudiometer is then brought into a 
vertical position, and in some cases partly immersed in water 
before the thumb is removed. The reduction in volume, if 
any, after an immersion of one minute, and when, as before, the 
water levels coincide, represents the volume of the substance 
sought. 

There are certain special conditions which must be observed 
in using the eudiometer tube, and there are some little dif- 
'erences in the mode of manipulating, but it is needless to enter 
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The re-agents employed are 



paper. 
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Solution of acetate of lead for sulphuretted hydrogen. 

„ ,y potash ,, yj carbonic acid. 

„ „ bromuie „ „ hydrocarbons. 

„ „ bichloride of copper carbonic oxide. 
By the aid of the eudiometer the gas maker ascertains the 
peculiarities of gases from different coals ; finds the percentage 
of impurities to be removed, and thereby obtains data for esti- 
mating the cost of purification. It enables him also to determine 
to a considerable extent the efficiency of the purifying pro- 
cesses. 
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April 19th, 1869. 

F. W. BRYANT, President, in the Chair. 

THE METHODS EMPLOYED IN THE DETERMI- 
NATION OF THE COMMERCIAL VALUE AND THE 

PURITY OF COAL GAS. 

discussion. 

Mr. Gore opened the discussion with some remarks upon the 
subject of photometry. He observed that before the amount of 
light that gas would give could be precisely estimated, a standard 
must be fixed which approached as nearly as possible, in its 
chemical character, to the gas itself. The apparatus had been 
very beautifully described as consisting of the gas at one end 
burned in a certain form, and a candle at the other end, of a 
certain specific gravity, form, and character. In the interior 
of the measuring apparatus there was a box which contained 
a disc ; and the equal illuoiination of that disc, at the point 
shown upon the scale of the bar, indicated precisely the rela- 
tive quantity of tlie light obtained from the gas as compared 
with the candle. A difficulty presented itself at the outset, be- 
cause all optical apparatus depended, to a large extent, for their 
accuracy, upon the visual organs of the operator. No two per- 
sons saw an object equally illuminated under the same circum- 
stances. The eye of one person would be more easily affected 
by the quantity of the light, and the eye of another person by 
the intensity of light. If that was the case, the gas at the one 
side and the candle at the other were dealt with under those two 
conditions. The candle was essentially a light of quantity ; the 
gas a light of intensity. If the rays of light from a body were 
those of quantity, they would have a yellow tinge. Rays of 
light issuing from the particles of carbon in the gas in a highly 
incandescent state, approached a blue tinge, or more closely to 
the chemical rays ; and hence they were of a different character 
" om the rays obtained from the candle. The consequence was 

at there was a source of en'or at starting, because the apparatus 
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was to determine the character of two lights from totally different 
points. But, further, the tube contained a very serious error, as 
the photometer waa now constructed very differently from wliat 
it originally was by Bnnaen, or as improved by King, In the 
box, ui most instances, were two plane mirrors, placed at such an 
angle as to reflect the image of the disc into the interior of the 
bos, and the eyes, looking as they did upon the whole reach of 
the photometer, saw two different images ; and it was when 
those two images coincided, as nearly as possible, one witJi the 
other, that the apparatus was in the state of zero, or the two 
lights were equal, When light was reflected from plane mirrors, 
it involved another source or error, because the ima^e produced 
by the light of quantity would be reflected in a different ratio 
from a light of intensity, and the error might he amplified in the 
standard itself, for tJiis reason, that the candle consisted of two 
parts — the retort on one side, and the fuel from which the gas 
was to be generated in the state of spermaceti. The heat was 
generated in the wick by the combustion of the hydrogen, and 
hence the pro<iuction of the gas. There was tJie process of the 

feneration, first of a liquid, then of a, gaseous compound pro- 
nced from that liquid, and the decomposition of the gaseous 
compound, so that the carbon should become solid ; and that was 
carried on in the candle, and therefore there was, in that case, a 
very variable quantity, because experiments showed that the 
facility with which that could be carried on vaiied very seriously 
in intensity, duration, and result. That arose from Uie way in 
which the candle was manufactured. In the case of a candle, the 
wick of winch was closely packed or tightly twisted, a totally 
different result was obtained from that with a candle in which 
the wick was loosely packed, and where the quantity of fluid 
supplied by combustion was in a different ratio from that of the 
other candle. Hence another source of error was introduced, 
as a larger amoimt of fuel was consumed in one case than in 
the other. Besides, the character of the candle itself could 
scarcely ever be uniform, as they were more or less tapered; and 
]uHt in proportion as the candle vai-ied from a true cylinder, the 
rate of consumption would vary. That furnished another error 
in connexion with the use of the candle. If those errors were 
possible, he would ask if that was such a standard as the public 
should be led to consider as infallible ? Having stated some of 
the objections to the use of the candle, he (Mr. Gore) would now 
refer to the lamp standai-d, which he considered preferable to 
the candle, as it was subject to less variation. The optical ob- 
jection, however, remained precisely the same, with the exception 
that the lamp gave a light more approaching in intensity to the 
light which was being measured tlian the candle did. In Mi". 
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Keats's Ump, the oil was undergoing combustion in the best 
possible form, and the result of burning the oil under tbose 
circumstiinces with such a supjily of air, more closely approxi- 
mated to the gas burnt in the argand burner at the opposite 
end, and consequently the two lights for the purpose of com- 
parison were placed in a better j>osition than when the candle 
waa used. But that standard was still open to the objection of 
impurity. Mr. Keats had stated his belief that sperm oil was 
the best fuel that could be employed, with which he (Mr. Q-ore) 
agreed, provided it was pure ; but tiiere was scarcely an article 
which was open to so much objection on the score of impurity and 
adulteration as spenu oil. If the fuel be not of a constant 
quality the same objection arose. As to the quantity of fuel 
consumed, it was stitl open to objection. A French chemist 
who investigated the suoject showed, in connexion with the 
Paris mode of establishing a photometric standard of gas, that 
after some experiments with the moderator lamp, he found that 
with the lamp at zero, which was represented by one hundred, 
at the end of the first hour the amount of consumption was 
103 ; at the end of the second hour it was 116 ; at the end of 
the third hour it fell to 110 ; and at the end of the fourth 
hour it resulted in 117. There was a difference of from 3 to 
17 per cent, from tlie original standard of zero at which the 
lamp started, showing a considerable variation even in the fuel 
used under the same circumstances. The question of photo- 
metry, if it was to be brought into a practical form, would have 
to be reconsidered by those gentlemen to whom was delegated to 
a very considerable extent the question as applied to the metro- 
polis ; and what was done in the metropolis, would be extended 
throughout the country. Taking the very experiments and the 
explanation of Mr. Hartley, as given during the reading of his 
paper, and from the want of uniformity in the experiments 
which are recorded from time to time in the public prints, he 
(Mr. Gore) was convinced that none of the instruments or 
arrangements were of that perfect character which were neces- 
sary for determining the quantity or the illuminating power 
of gas. 

Mr. Keats said that Mr. Gore had pointed out the principal 
defects in, and objections to photometiy, as it at present existed, 
and he (the speAer) concurred in those obseiTations. With 
respect to the defect of candles, they were themselves imperfect, 
ana it was hardly possible to obtain satisfactory results from them. 
Thst- circumstance led him to turn his attention to the lamp. 
B proved the colza lamp to l.'e a most imperfect instni- 

bui-ned veiy irregularly, and had many defects. The 
reatest was that the supply of oil came over the level 
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of the edge of tlic wick-holder. That gave rise to another 
defect, which was that the lamp was regulated by the height of 
the wiclc, and that height rarely depended upon the height of 
that portion of it which was above the middle of the holder. 
The height of the wick was virtually changed by the oil acting 
in the way he had mentioned. Bearing that in mind, after some 
trials and failures, he hit upon the expedient of keeping the oil 
a short distance below the wick ; and in the first experiments a 
row of holes was made about half an inch below the middle of 
the wick-holder, and through those holes the oil came. He used 
the arrangement of the common moderator lamp, and the oil was 
drawn over the upper edge of the wick-holder, but instead of 
passing through the extreme upper edge, it was made to pass 
through a row of holes a little lower doWn. That had been 
altered since by a very ingenious lamp-maker — Mr. Annstrong. 
In his lamp there were four slots cut in the wick-holder, and the 
oil passed through them. The changeable character of the glass 
was done away with, the glass being fixed close, as in a common 
argaiid lamp, and it might be raised or lowered like that in the 
common moderator. That did away with one element of un- 
certainty. His first experiments were made witli colza oil, but 
that oil could not be looked upon as a standard of light which 
was unchangeable in its character. Coka oil, in the course of 
refining, was treated with strong sulphuric acid, and the dose 
was vai-ied according to the character of the oil, and was regu- 
lated entirely by the judgment of the operator. The oil varied 
very much in character : there were many varieties of colza in 
use, and it was impossible to know what kind might be obtained. 
Then there was the age of the seed, and there were many other 
points wliich would affect the character of the oil. However, 
when the oil came into the hands of the experimenter it was 
treated with very strong sulphuric acid, and the quantity of 
sulphuric acid, and the mode of afterwards cloansmg the oil, 
were left to the judgment of workmen. All those points 
were elements of uncertainty which entirely unfitted colza oil 
for use as a standard of light. He had therefore decided upon 
the use of sperm oil, as it was a natural product, and could 
be obtained pure, when it formed one of the most certain 
and unchangeable materials wliich could be used in a lamp. 
Of course spei-m oil was costly, and was therefore subject to 
adulteration, but as rwrarded its use in photometry the cost was 
of no importance. He believed if it were necessary to employ 
pure sperm oil for this purpose there would be no difficulty in 
obtaining it pure. Whether his lamp was adopted or not, lie 
believed that a lamp would ultimately be the standard for 
photometry'. He did not think that Dr. Letheby's apparatus was 
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always Tcry fairly treated. He had used it a great deal, 
found that his results were not in accorJanca with the publiahed 
results of other observers. He found he got more sulphur than 
was stated in the published experiments. On several occasions 
where the published results were in accordance with the require- 
ments of the Act of Parliament, he, upon esaminin^ the aaSj 
found it ranging to about 25 grains of sulphur hi the hundi'ed. 
cubic feet. 

Ml-. Morton said he should be glad to learn the particulars 
of the standard which Mr. Fiddes, of Bristol, wished to intro- 
duce some time ago, using gas as a standard, burnt in an argand 
burner with an opaque chimney having a hole in it above the 
top of the burner. Mr. Fiddes had stated that the light pro- 
jected through the hole was uniform whether the gas was ten or 
twenty candies. 

Ml'. Oleick observed that he had taken notes of a few ex- 
periments which would show the great difficulty there was 
obtaining proper results from a standard of 12-candle gas. Tl 
most remarkable i-esulta were as follows, the same gaa beini 
always used. With 129 grains of candle consumed the illumi- 
nating power was 12*6; with 145'2 grains consumed, it was 
12"6 ; with 157"2 the amount of illuminating power fell even 
under that, and was 12'54:. There was a good proof that with 
the same amount of illuminating power the consumption of 
grains of candle ranged from 129 to 157, showing that the 
amount of consumption was not in fair proportion to the amount 
of illuminating power in those three instances. There was 
another very striking example, that was, 130-2 grains were con- 
sumed when the illuminating power was 13'02. With exactly 
the same number of grains consumed the illuminating power 
was 15'44. It showed that with exactly the same weight of 
candle consumed the illuminating power varied over 2-2, but 
there were other instances where 134 grains were consumed, 
and the maximum was 18*18 ; and the variation between that 
and the other experiment was 2*7 candles, all reduced to the 
parliamentaiy standard. There was no doubt that those candles 
were not carefully selected, but at the same time the standard 
had been put so low that it was almost impossible to get candles 
which came under the parliamentary standard. Although the 
average amount was nearer 135 than 120 grains, it showed still 
that with the same amount consumed, the iUuminating power 
ranged very widely. In all these examples the temperature was 
kept constantly at 62°, but no notice was taken of the baro- 
meter, and canying on a number of experiments of that de- 
scription was a mistake, if no notice was taken of the bai-ometer. 
He (Mr. Olrick) did not consider Mr. Hartley's objection to the 
jet photometer a fair one, and thought it ought to be used. 
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Mr. Hartley said, in replying to the discussioHj Mr. Olrick 
had said that ha thought tnat the jet photometer a good in- 
Btrument by whicli to determine the illmninating value of gas. 
He (Mr. Hartley) had stated some objection to the employment 
of the jet photometer as a standai-d measiire of gas light in the 
paper which he had read. He believed it to be by far too 
delicate an instrument, and too liable to derangement, to be ac- 
cepted as a standard instrument. Withregai"d to purification, 
the gas companies in London were bound to use a purifying 
material, which was not the best which could be used. They 
were obliaed to use it, because they were prohibited under 
penalties from creating any nuisance. If they were only to use 
lime, which was the best purifying agent, instead of oxide of 
iron, they might get rid of much more of the impurities from 
gas than it was possible to do with oxide. Indeed, the companies 
were even now driven to turn back in part to the use of lime. 
The difference in the quantity of sulphur in gas at different 
times arose no doubt fi-om changes taking place in the condi- 
tion of the purifying material now of necessity employed. That 
question, however, he had no wish to go into, because it had been 
dealt with in former papers, and was tolerably well understood. 
Mr, Olrick had refeixed to the experiments of Mr. Kii'kham, 
and to the variations which that gentleman had found in the 
illuminating value of sperm candles. Mr. Kirkham no doubt 
went honestly to work, but it was to find defects in the candles, 
and it appeared that any sperm candle of the size called sixes 
was operated with, apart from any consideration of the manner 
in which it burned, and its consequent fitness for photometrical 
purposes. It certainly appeared to him (Mr. Hartley) that the 
extreme differences were obtained by a neglect or partial neglect 
of those precautions which a good operator would always regard. 
He believed fui-ther, that if they were to take examples from 
the various testing-rooms in London, and compare the results 
from day to day with the results of the tests at the gas-works, 
they would find little or nothing to indicate such extreme varia- 
tions in the illuminating value of sperm candles as Mi-. Kirkham 
had discovered. With regard to Mr. Fiddes' standard light, or 
rather lights, for there were two, he (Mr. Hartley) had tried 
them, bnt not with satisfactory results. One was a Bunsen burner 
surmounted by a piece of platinum wire. If he remembered 
rightly the burner was to be used in the following way : First 
the air openings at the base of the burner were closed, and the 
gas supply adjusted so as to give a luminous flame of a certain 
length, then suiGctent air was admitted to destroy all luminosity 
in the flame. The platinum wne then became highly heated 
and gave off light, which Mr. Fiddes assumed to be constant 
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in qnaatitj. Ax, hovever, tlie compodtton of coal j^ 
variable, it was evident that the heat prodaced, and conseqaentlj 
the light evolved, could not he constant. Moreover, the colour 
of the IJfiht, thus produced, was so intensely red as to render 
photometric comparisons ahnost impossible, ilr. Fiddes' second 
standard condsted of a jet or argand Sajne snrroanded b^ an 
opaqae chimney having a hole in it at a fixed distance from its 
bai<e. &Ir. Fiddes said that he had fonnd that a miiform quantity 
of light was delivered through the hole although the quality of 
the gas varied considerably. As the length of a Same increased 
with an increase in the richness of the gas, a necessary conse- 
quence was, that the more highly illuminating parts of the flame 
were raised to a greater height from the base. Therefore it was 
not reasonable to expect that an equal quantity of light would 
be delivered through a hole at a fixed height iu an opaque 
chimney, when equal quantities of gas of unequal quality were 
consumed. Nor did it seem more feasible that an adjustment 
of the flame to a uniform height at all times should give absolute 
equality in light. With respect to Dr. Lethcby's sulphur teat, 
lie (Mr. Hartley) had no wish to find fault with the instnunent, 
as it was the best in use. Mr. Valentin's apparatus was, how- 
ever, much superior to Dr. Letheby's, but was delicate and 
somewhat troublesome to use. He believed that it might be 
modified so as to be easier to use, and still be capable of showing 
the total quantity of sulphur in gas. Dr. Letheby's apparatus, 
It was said, ought always to be used binder the same circum- 
stances, but there lay the difKculW — the controlling of circum- 
stances. With regard to Mr. Gore's observations respecting 
differences between quantity and intensify of light, he (Mr. 
Hartley) would observe, that if almost the two extremes were 
taken — the electric light, and the light of an ordinary gas flame 
— there would no doubt be found such a difference between 
intensity and quantity, that it would be almost impossible to 
make photometric comparisons, hut the difference in the 
character of a gas flame and that of a candle was exceedingly 
slight. In fact, for photometric purposes, quantity burners were 
used as distinguished from other oumers, which were called 
intensity burners, the difference being simply that the quantity 
burner delivered its gas at a low pressure, and the intensity 
burner at a high pressure. If gas was burned under a high 

Eressure a flame was obtained tending towards blue in colour, 
ut the burners which were used gave a rather yellow flame, 
approximating to the colour of the flame of a candle. Some 
years ago he had a considerable objection to the use of reflectors, i 
and he was induced on one occasion to make some experiment* I 
with a photometer having reflectors. He found there i 
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great deal of comfort in using reflectorsj and to satisfy himself 
as to whetter there was a difference in the indications of tiie 
instrument with and without reflectors, he rqade a considerable 
number of comparative experiments, tlie resnlta of which were 
in agreement, wnile the reflectors added to the comfort of the 
operator. Mr. Gore had spoken of the light of flames being 
due to the evolution of solid particles. That was the theory of 
Sir Humphrey Davy, he (Mr. Hartley) had believed, and until 
quite recently it was generally believed, that the wjiole of the 
light produced in flames was due to the evolution of carbon in 
a solid state, which carbon became highly heated in its passage 
throngh the flame ; but he might mention that Dr. Frankland 
last year made some experiments on the combustion of gases, 
and had found that a gas (such as hydrogen) which had no 
illuminating power, under ordinary circumstances, was capable, 
when burned in a very compressed state, of being made to yield 
a considerable amount of luminosity, and Dr. Frankland's con- 
clusions, as fai- as he (Mi'. Hartley) could remember them, were 
that the light of a gas flame was really due to the combustion 
of true gases. Dr. Frankland did not attempt to deny that it 
was possible under certain conditions that solid particles were 
evolved and highly heated, but he thought it probable that with 
coal gas the greater portion of the light was due to the combus- 
tion of dense gases and hydro-carbon vapours. The imperfec- 
tions of candles had been mentioned in the paper. As to the 
influence of the diameter of the candle, that was exceedingly 
variable. He had found sometimes that the upper portion of 
a candle would burn more than the lower, and sometimes the 
lower would burn more than the upper. There seemed no 
positive relation between diameter and rate of consumption, and 
therefore it was not safe to conclude that the lower part of a 
candle uniformly burned at a higher rate than the upper. 

The PrbSIDBNT complimented the meeting upon the interest- 
ing discussion which had taken place. It was not only interest- 
ing, he observed, in a scientific point of view, but also of gi'eat 
public importance. The question of standards for the measure- 
ment of the purity of gas concerned not only London, hut 
also all the great cities and towns lu England and in the world. 
The members were certainly very much indebted to Mr. Hartley 
for the excellent experiments he hail made. They had already 
given him a vote of thanks for his paper, but he. the^ president, 
would now call upon them to thank him for the interesting . 
experiments he had shown them. 
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May Zrdj 1869. 

F. W. BRYANT, President, in the Chair. 

APPARATUS EMPLOYED FOR ILLUMINATION 

WITH COAI. GAS. 

By William Sugg. 

The subject of the present paper is a practical question to 
which the author has devoted some years of study, and which, 
he believes, will prove interesting not only to those members of 
the Society of Engineers who are professionally connected with 
the manuiacture and use of gas, but also those who are brought 
into relation with it only as consumers. 

The author desires in the first place to direct attention to a 
quotation from an old work upon gas which was published in 
1841, twenty-eight years ago, but in that twenty-eight years 
what vast improvement has taken place in all matters relating 
to artificial lighting by gas. The production of a million feet of 
gas in a week, was then something to be pondered over, and now 
the requirements of London are moderately estimated at nearly 
10,000 milh'on cubic feet per annum. The quotation alluded to 
occurs in the first edition of Samuel Clegg's Treatise upon the 
Manufacture and Distribution of Coal Gas, p. 190. He says : 

" While the engineer labours at the works to procure the 
most perfect gas from his coal, and relies upon the truth of his 
calculations for the quantity required by the consumers' lamps, 
he must not forget that the effect his operations will produce 
depends much upon the manner in which the gas is burnt. It 
is a simple theory involving only one question, but the results 
would make it appear to be both perplexing and difficult. Coal 
gas has now been used for the purposes of artificial illumination 
thirty-eight years, and the burners sanctioned by the companies 
at the present day are of the same shape, size, and uneconomical 
construction as tnose used in 1805. Unless some steps be taken 
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by the gaa companies themselves to iraprove the system of burn- 
ing, it may in all probability continue as defective as it ia now 
for generations. The generality of consumers have other things 
to think of than the construction of burners, and manufacturers, 
although they may induce some few to adopt burners made upon 
correct principles, have not influence enough to introduce them 
nniveraally. 

*' The engineers of companies are those with whom this must 
rest, and if they studied their own reputation and the proper 
interests of their establishments, the present description of burner 
would soon be abandoned, and those calculated for the complete 
combustion of the gas, substituted in their stead." 

Thus speaks Samuel Clegg, and he then proceeds to tell us 
that the simple theory upon which to construct good burners is 
so to regulato the amount of air to support combustion, that it 
may be present only in sufRcient quantity to take part in the 
elective affinity constantly going on between the elementary 
gases, viz., hydrogen, oxygen, and the vapour of carbon. He 
says, further, that as it is impossible to regulate the supply of air 
to such a nicety, *'it is preferable that the air be sEghtly in 
excess, even to the diminution of the quantity of light than being 
deiicient to produce smoke." How strictly the latter part of his 
advice has been followed, especially as regards the diminution of 
light, will be apparent, perliaps before the close of the present 
paper. 

The burners spoken of by him are tlivided into the following 
classes, viz.: — Tho argand, the bat-wing, fish-tail, single jet, 
cockspm', double and treble jet, star, fan, and Scotch burners. 
Perhaps itis due in no small measure to the industry of some of 
our north coiuitry makers that England generally possesses 
such a collection of good burners for 
other gas than that they are supplied 
with, and the perseverance of these 
manufacturers has so influenced public 
opinion that the majority of consumers 
have, till of late years, been prevailed fi 
upon to accept these burners as proper IJ 
for the twelve or fourteen candle gas 
with which England generally is sup- 
plied. Of this list of burners, there 
now remain in general use in England 
but three, viz., the argand, the bat- 
wing, and the fish-tail. 

The general form of the argand is 
shown at Fig, 1 ; that was considered to 
be the correct burner in 1815, and was 
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anired at, we are told, by Mr. Clegg, after a series of experiments 
conducted by Messrs. Clegg and Grafton. The gas to be consumed 
is made to arrive into an annular chamber, the top of which is 
pierced with holes by means of a bifurcated conduit, technically 
called " a crutch," from thence it issues to be consumed. Mr. 
Clegg describes it as follows : — " The burner itself was an argand, 
one inch in diameter within the drilled ring of jets with which a 
flame three inches high consumed 5 cubic feet of gas in an hour. 
For the complete combustion of that gas 50 cubic feet of air are 
required to regulate the admission of aii- to the Same, an exterior 
cone was supported upon the gallery bearing the glass chimney, 
the space at the top being ^s of an inch from tlie edge of the 
burner, this annnlus admits 30 ft, of air. The interior of the 
flame was supplied with air through the space left between the 
upper rims of an inverted cone and the interior edge of the 
lamp. This annular ring was -^^ of an inch wide, ana supplied 
20 ft, of air, so that the quantity was regulated to 50 cubic feet 
exactly. The combustion of the gas was further improved by 
the air being made to rush towards the point a, which it is 
evident would be its dii-ection, and thus each atom of the ele- 
ments of the cai'buretted liydrogen meets its equivalent of 
oxygen, and becomes entirely decomposed. The interior cone 
was made to adjust upon its aupporting wire, and its annulus 
increased or diminished at pleasure." 

Here, then, is the description of what was then, and doubtless 
■would be now, a good argand biuTier, and if tlie principles thus 
laid down had been adhered to, and only the legitimate improve- 
ments upon their theory had been encouraged, tho state of 
iUumination by coal gas lu the United Kingdom would be very 
different from what it now is. It appears that the pioneers of 
gas lighting considered the burner an important thing in the ■ 
matter they had to carry out, and accordingly bestowed much i 
time and talent in perfecting their models. 

The burner just described was patented under the name of 
the double-cone burner, and the author now exhibits what he 
believes to be a slight modification of the original. It will be 
observed that the number and size of the holes is not given, but 
in giving the smaller sizes, it is stated that "The distance 
between the holes in the drilled ring should be so much that the 
let of gas issuing from each should just unite with its neighbour, 
beyond this the number of holes is of no consequence, the size of 
the burner being computed from its diameter. The diameter of 
the lioles should be about -jV of an incli." Thus, the principles 
upon which to construct burners generally, and argands in par- 
ticular, were considered definitely settled, and inventors and 
manufacturers set to work to improve upon their predecessors. 
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The author thinks, however, that there is some typographical 
error in the description of this burner, because the 
largest burners nia<le for 5 cubic feet per hour, 
are not more than !■! in. across the outside of the 
chamber containing the holes. 

Sevei'al modifications of this burner have since 
been produced at various times, hut time will 
permit of more than a mere glance at them, 
although some of them would afford useful in- 
struction if they could be more leisurely examined. 
Among them are the chisel-shaped argand, by ~ 
Clegg, shown at Fig. 2, and to which I sliall again 
refer after my remarks on the argand burner. 
The Bronner burner is a much nearer approach to 

ferfection as far as regards photometrical results, 
t is made very much like the Clegg and Grafton 
argand, but has its air passages protected by fine 
perforated metal. 

The national burner, and the Guise burner 
(the latter being shown at Fig. 3) are made 
upon the same principle, one being simply a 
modification of the other. The amount of 
light given hy these bm'ners as compared 
with the 14-candle Letheby, is shown on the 
Table, experiments C and D D. We have 
here a modification of the Clegg and Grafton 
principle which deserves notice. By restrict- 
mg more than they do, and lowering the 
passage wliicli conveys air to the outside of 
the flame, and by placing a button over the 
centra' air passage, the inside current is im- 
pelled with a ceitain degree of force, and in 
greater quantity than would be required by 
the original an'angeraent against the cylinder ^"'' ^* 

of flame, which is thereby compelled to take a form some- 
what resembling a tulip. This was iu all probability an 
attempt to reuder the burner as shadowless as possible. The 
result of this improvement is destructive of illuminating power 
for 14-candle gas. 

The Leslie burner (Fig. 4) introduces two new ideas, viz, : — 
The substitution of tubes for the chamber containing the holes, 
and the shortening of the chimney. The motive for the intro- 
duction of the tubes was probably for the purpose of obviating 
the shadow caused by the chamber. As in the national burner, 
the outer cone is suppressed, and the cliimney contracted to 
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* the purpose instead, and the otherwise too destraetive ! 
effect of the large central air current is I 
counteracted hy a reduction in its velocity. 
Olegg and Grafton foimd by experiment, i 
that the pressure upon the column of air 
set in motion inside an 8 in. chimney by 
the heat of the flame of their burner was 
equal to Vo of an inch ; the pressure upon 
that inside the Leslie burner must be 
much less. There is also a contraction 
in the top of the chimney which doubtless 
assists this result. There is yet another 
noticeable feature in this burner, and that 
is, that to insure uniformity in the make 
* of the glasses they are blown in a mould, 
Tho late Mr. George Lowe informed the 
author that the shortening of the chimney 
of the Leslie burner was due to a sugges- 
tion made by himself to Mr. Leslie, conse- 
quent upon his observing the low illumi- 
nating power of the burner for the quan- 
tity of gas it consumed. The light was destroyed by too much 
air, and the reduction in the height of the chimney placed the 
Leslie burners, light for light, on a level with the original Olegg 
and Grafton burner. The author does not think it could have 
done more. By experiments madein 1859 by thelate Mr, Henry 
Bannister, superintendent of the Chartered Gas Company, West- 
minster Station, it was fonnd that the Leslie burner, with a 
4 in. chimney, burning at the rate of 5 ft. per hour, gave the 
same amount of light as the Sugg 12-candle argand. 

"While these improvements were from time to time introduced, 
there had been a retrogado motion in the excellence of the manu- 
facture of the Clegg burner. Contrary t« the idea of Clegg 
and Grafton, burner-makers, gas companies, and gasfitters 
arrived at the brilliant conclusion that the numlier of holes had 
everything to do with the quantity of gas to be burnt. ITiia 
settled the fate of the Clegg and Grafton argand, for very soon 
thei-e appeared a variety of arganda made in the original form, 
but with different numbers of holes, 5, 9, 1 0, 12, 1 5, 18, 20, and 
even 30 holes were nsed, and it was supposed that this number 
of holes represented, in some shape or form, the quantity of gas 
to be consumed by them, the lower numbers consuming the least 
gas. It is probable that the supply of gas ou the contract system, 
to a considerable extent led to the perpetration of this error. A 
moment's consideration will show that in fixing the number of 
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holes in a borner, tbe size of the holes, and tlie diameter of the 
circle cutting these holes, is a very important consideration, that 
is, if the burner is to give light at the same time that it consumes 
the gas supplied to it. The author doubts not that at first both 
these points received some, if not thorough attention, hut finally, 
the distinctions of sizes were lost, and almost eveiy one of these 
10, 16, 18, 20 and 30-hoIe burners might be obtained of several 
different sizes. In fact it was impossible to get any two burners 
aUke, and it was the discoveiy otthese differences which caused 
the author to turn his attention to the subject In 1858-9, and 
after some study and many experiments, he came to the con- 
clusion that Clegg and Grafton were right in the main, and the 
author therefore made the first standard burner for common 
gas with 15 holes, substituting, however, a 
steatite top for the ordinar}' iron or brass 
top. This burner was fii-st used at the 
Chartered Gas "Works, "Westminster, by the 
late Mr. Henry Bannister, and since that 
time it has been accepted as the standard 
burner for gas testing over a considerable 
portion of the globe, and has also been 
very considerably used by consumers. Fig. 5 
shows the Letheoy humor, which is the same 
— except in the size of the central aperture — 
aa the original Sugg 12-candle burner. 

It has been a very generally received 
opinion, and it is stated by Clegg, that the 
body of the burner should be long between 
the stem and jets, so that the gas may 
become heated as it passes to be burned. 
The author has had reason to alter his 
views upon this point, and he is now of 
opinion that the contraiy is the best, and 
that the gas should arrive at the point of 
ignition at the temperature of even 58 deg. 
r ahrenheit, if possible. He has also found 
that the highest illuminating power is to 
be obtained from gas burnt at the lowest possible pressure, as 
low even as the yto of an inch of water, whilst on the contrary, 
the smallest amount of hght co-exists with the highest pressure 
at the point of ignition. Further, it is important that the flow 
of gas to the point of ignition should be easy and uniform, and 
it is of consequence also that the surfaces with which it comes in 
contact immediately before ignition should be smooth. 

A combination of these principles with those ah^ady laid 
down by Clegg and Grafton, has resulted in the production of 
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the London burner, shown at Fig. 6. It 
will be observed that the communication be- 
tween the chamber containing the holes and 
the stem, is made by means of three small 
tubes, and in order to insure the issue of 
the gas at an imperceptible pressure, the 
sum of the area of the holes for the egress 
of the gas at the point of ignition is much 
greater than that of the ai'ea of the three 
tubes which conduct it to the chamber. 
This chamber ia made of steatite, which 
is a non-conductor of heat, so that the 
lower part of the cliamber, which is made 
of an alloy of tin, is always kept cool. The 
contrary would be the case if this chamber 
were made of brass or iron, for in about 
ten minutes or a quarter of an liour the 
soft metal would be melted, and this the 
author considers a sufficient proof of the 
unsuitahility of iron or brass for gas 
burners. It is the opinion of the author 
that, mcreasing the volume of gas by heat 
is eqairalcnt to diluting it, because the 
amount of cai'bon vapour is spread over 
'"" ' a larger area, and that it is most per- 

nicious to gases of low, hut less so to those of high illuminating 
power. 

It appears to he the prevailing idea that it is a matter of no 
conse<juence what kind of burner is employed for the combustion 
of gas, and consequently the desideratum is cheapness. This 
has materially influenced the use of the argand burner, for the 
impression being that there was more heat and smoke, and less 
hgnt produced fiom the argand — which, according to the popular 
notion, must consume a much greater quantity of gas than either 
the fish-tail, or the bat-wing — it is not to be wondered at that 
the latter have become the rule, and the former the exception, 
more especially when the cost of fish-tails or bat-wings is less 
than the cost of the chimney of the argand. It must also be 
borne in mind that argands have been, and still ava made so 
badly, that when tried under the best conditions in a photometer 
with regulated pressure, many of them do not give much more 
light than common iron fish-tails, and not so much aa some of 
the numerous regulated and patented economising burners. 
Table I, shows the difference between the amount of light to be 
:ained from five cubic feet of gas when burned by different 
;aud burners in a photometer room, the gas being constant 
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at 14'0 candles as tested by the 14-candIe Letheby standard 
burner. Tbe difference between tbe highest and the lowest is 
13 candles. These differences, although great, are not greater 
than in actual practice, for it must be borne in mind that this is 
the maximum amount of bght which can be got out of these 
burners, and they are all what are considered to be well made 
burners, and new, and some of tliem are not incorrodible. They 
were provided with suitable chimneys. Another popular idea 
with respect to the argand burner is, that the higher the chimney 
the better light the burner will give, and we have only to look at 
tbe numerous outside lights m London to see what lengths 
chimneys can be carried ; H in. is a common length for those, 
and 8, 9, and 10 in. for shops and offices. The effect upon 
a 24-hole burner, as shown in Table I, ; experiment G G, is 
about one candle less for every inch of increased length of 
chimney. From this it will not be difficult to form an idea how 
much we have progressed in gas lighting since Cle^g WTote the 
words quoted at the commencement of this paper as iar as relates 
to argand burners for common gas. The cannel gas argands 
have always been, and are now, m a worse position than those 
for common gas, for by some means which the author cannot 
explain, gas engineers, and burner-makers too, are wedded to 
the idea that for this gas the holes in the bui-ner cannot be too 
fine. 

The burners in experiments L L, R B, B B, and D D, 
Table I., will burn a greater (quantity of gas than 5 ft, ; but it 
will be seen that the percentage of light per cubic foot con- 
sumed, is no better than ivith 5 ft. per hour, they give tbe same 
amount of light as the standard at a cost varying from 6'3 ft. to 
10 ft, per horn*. 

The single, double, and treble jets, the fan, and 
star burners, need no comment, as tliey were soon 
found to be unsuitable for light giving purposes, 
and consequently earned the condemnation of the 
trade and consumers generally. The fish-tail, 
Fig. 7, occupies the most important position of 
all the burners in England, for nearly one-half t 
of the gas made is burned through them, and 
they have occupied the attention of the inventoi.s 
of all kinds of gas improvers to a sui-prising extent. 
Referring to 1 ig. 2, the chisel-shaped argand by 
Olegg, the principle upon which the fisn-tail is 
constructed may very plainly be seen. It consists 
in making two currents of gas strike together at 
an angle which causes them to flash out against 
each oflier, pixiducing that well known flame which 
is supposed to hear a likeness to a fish's tail. The 
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I impinge upon each 
! inaDii^ctiire of the 



angle at which the two currents of | 
other is the most important poiot in t 
bnmer next to the size of the apertures from which these cur- 
rents issue. If the aneles are acute the illnmiuating power of 
the gas is greater, hut the burner will stand less pressure with- 
out roaring or screaming. On the other hand more ohtnse 
angles reduce the illuminating power, and enable the bnmer to 
stand more pressure without tne objectionable sounds. The 
author is speaking of this homer as appBed to common gas of 
twelve or fourteen candles. Bicher gases admit of different 
treatment in the arrangement both of holes and angles. 

To combine harmoniously these two opposHig principles has 
been the aim of the numerous inventors of gas econonuser^ 
and apparently there is a large field for the still further exerdse 
of their ingennity, and a tolerably fruitful source of revenue 
to the Patent Cwce. The desideratum would seem to be to 
make a fish-tail with holes large enough, and inclining at a 
proper angle towards each other, so as to pve the best light, 
stand the varying pressures of the street mains without roanng 
and for this purpose various kinds of moderators, regulators, 
economisers, perfecters, and numerous other things, have been 
brought before the public. Fig. 8 shows the gas fight monitor, 
in which the gas is made to blow upon the under side of a gilt 
disc of brass having a central aperture in it. When at low 
pressure and with the plate restmg, the gas issues out of a 
number of small holes pierced round the run on which it rests. 
Under high pressure the plate is blown up to the upper rim, 
and all egress for the gas is stopped except through the small 
hole in tne centre of the plate. This was one of the first, if 
not the first, of these inventions. Fig. 9 shows a chamber filled 
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with either shot, cotton, horsehair, wool, iron borings, &c., and 
which contains the pruiciple of many other patents. 

The Bronner burner. Fig. 10, exhibits one of 
the latest modifications of another class of eco- 
nomisersj which gives some of the best results. 
The principle consists in allowing the gas to 
pass first through a small burner into a 
chamber fitted at the top with a much larger 
one, from whence it issues to be burned at 
a considerably lower pressure, and conse- 
quently with an improvement in the amount 
of light pven. Table IV. shows the improve- 
ment which has been achieved over the 
ordinary ungovcraed fish-tail, but it is ne- 
cessary to direct attention to this fact, that the 
obstruction caused by the economiser will 
materially affect the question of pressure and 

The cone shown at Fig. 11 gives the best 
resnlt with a large fish-tail, and requires only a pres- 
sure of TTftha to do it, but will not work satisfactorily 
without the pressure is constant at the meter. 

Table No. HI. shows the results given by a number 
of fish-tail burners procured from consumers, and from 
some of the best shops in various parts of London, 
and the author thinks that a perusal of the table will 
show that for common gas at least the fish-tail burner 
is a costly mistake. Tney are the cause of the 
stant dissatisfaction expressed by gas consumers, both 
aa regards the quality of the gas supplied to them, and * 
the quantity for which they nave to pay. Were they 
banished an enormous improvement would soon mam- j 
fest itself in the amount of light obtained from the | 
gas. It must not be understood that the author would Fio- H- 
suggest the abolition of, sun burners and other such 
arrangements, which are much admired for lighting public 
rooms, and for which the fiah-tail is suitable, because in speaking 
of these the question of cost of gas must not enter into the 
calculation. A certain effect ia required in light and ventilation, 
and that achieved the value of both must be taken together, 
but for the ordinary purposes of life, the question is widely 
different, and the problem to be solved is, to ohtain the greatest 
amount of light per cubic foot of gas burnt with the greatest 
possible comfort. This the author submits is not to be done 
with the fish-tail burner as at present constructed. If a fiat 
flame of the double-current class ia desired, the author thinks 




144 



AP?ABATCS FOE ILLTIMl NATION WITH OOAT, OAS. 



tbat Clegg's banier, Fig. 2, with a proper glass which might be 
cmitrived, woald give much better results in every way. 

One other ejTor is constantly committed with the fish-tail 
burner, and this is, that when they are used with glasses or 
** moons," as they are techoically termed, the holes in the bottom 
of these moons are narrower than the width of the flame, con- 



sequently the sharp current of air induced by the burning gaa 
folds the sides of tne flame together, which is likely to produce 
smoke, and certainly makes the flame unsteady, Another error ■ 
is made by designers of gasaliers, who mostly place the cocks' J 
immediately under the burners, so that the quantity of gaa I 
issuing from the regulated aperture has not space or time to " 
diffuse itself before it reaches the burner. Thus a current of 
gas very often of high pressure is projected either against the 
sides of the burner, or directly up to its orifices, a method of 
ti-eatment which seriously interferes with the illuraiQatina; power, 
and the tranquillity of a fish-tail bni^ner much more than any 
other. 

As an example, a No. 8 steatite burner fixed close to the cock 
in the manner usual with a vast number of gasaliers, would, 
with an inch pressure in the gasalier, burn only five cubic feet per 
hour with an unsteady light, while on a cone as shown at 
Fig. 11, it would burn steacGly np to seven cubic feet per hour. 
The bat-wing burner shown at Fig, 12 con- 
sists of a cylindricaliy shaped piece of material, 
closed at one end with a circular top, into which 
a slit is cut ; from this the gas issues, producing 
a flame when lighted similar to the extended wings 
of a bat. The size of the slit and the shape both 
of the inside and outside of the top, are the im- 

Eortant points to be observed in making bat^wing 
ni-ncrs. These attended to, it is possible to pro- 
duce a useful burner for all qualities of gas suitable 
for street lighting, or for public rooms, or, in fact, 
wherever it is desired to bum gas without glasses. 
Properly fitted and of tlie proper size, the author 
considers that they would most advantageously 
replace fish-tails upon gasaliers, &c. Their value 
as illuminators is shown conclusively in Table 
No. II. It will be observed that referring to the 
Fia, 12. Table of Economisers, the best result is achieved 
by the bat-wing with a good flame, while the 
fish-tails lose at their best 2-86 per cent, of light with a very 
unsteady flame. It must be mentioned, however, that the best 
bat-wing flame is very susceptible to drauglit. Referring to 
experiment, C Z, in the bat-wing table (No. II.), it will be seen 
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that the steatite bat-wing loses onlj 7'14 per cent., the Amster- 
dam, A Z, loses 8"58, and G Z, No. G, loses 14 per cent. These 
three burners are of the same pattern, being that made by the 
autlior for the public lighting of the city of Amsterdam. The 
No. 6 is that best suited for use where there is a draught, and 
it is made use of without a glass. The two experiments marked 
F Z, and E Z, are inserted to show the effect of the diminution 
of the width of tlie slit upon the amount of light given by a 
fixed quantity of gas, which diminution mi^ be carried on till 
nearly the whole of the light is destroyed. The last experiment, 
H Z, should not be lost sight of, as it was made with one of the 
iron bat-wing bnrnerB, which were used for public street lighting 
before the introduction by the author of the steatite bat-wing, 
which is rapidly superseding it, and which when fixed on a 
governor in the manner now so generally adopted, gives the 
next greatest amount of light for the quantity of gas consumed 
to the Letheby argand burner. By consumers this kind of 
burner (the iron bat-wing) is still employed to a small extent, 
because they are under the impression that the finer slit con- 
sumes less gas, but the fish-tail is the favourite burner. 

In conclusion the author would obseri'e that the experiments 
in the tables showing the results obtained from the consump- 
tion of the several quantities of gas by the aid of fish-tail and 
bat-wing burners were made with the fiat of the flame facing 
the photometer disc. Therefore in comparing these results with _ 
those obtained from argands, a reduction must be made from 
the results of the two former, because while the light emitted 
from the argand is in every direction the same, that from the 
fish-tails and bat-wings is not so gi-eat from the edge as from 
the flat of the flame. This allowance will vaiy according to 
the width of the flame and its thickness from 15 to 25 per cent. 
A cai'eful comparison of all these circumstances will lead to 
the conclusion at which the author has long since arrived, viz., 
that, properly fitted, the argand burner will be found to be, all 
things considered, the best and cheapest for the general con- 
sumer, notwithstanding that its fu'st cost is much greater than 
that of the bat-wing and fish-tail, and that for all other purposes 
to which the argand is not admissible, the bat-wing is the most 
siutable. But whether the one or the other of these burners 
is employed, the pressui'e at the meter should be maintained 
perfectly uniform, and the difference of pressure in various 
parts of buildings, however caused, whether by differences of 
level or of draught, should be compensated for by a fixed in- 
dependent regulation of each light, and not as at present by the 
differences in the sizes of the aperture for the escape of the 
gas to be consumed. 
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No. 1. 

Table of the Amount of Light in Standard Sperm Candles given 
by different Argand Burners (such as are in use by Consumers 
in London and the Provinces) burning Gas which, being 
tested by the Letheby Standard Burner, was equal to 14 
Candles. 



• 
•4^ 




a 




.i^ 


bD 






S 


Description of Burner. 


Consumpti 
per hour. 


Pressure ai 
point of 
ignition. 


Iluminatin 
power in 
candles. . 


Percentage 
loss of ligh 


Remarks. 






ft. 


in. 








LL 


Shadowless argand 


5.0 


0.32 


8-80 


37-16 


7 in. chimnev. 




Same burner 


6-3 


0-47 


14-00 


1) 


7 „ " 


AA 


Shadowless argand, pa-) 
tent with gauges . 3 


6-0 


0-318 


12-20 


12-86 




RR 


Albert iron top 


60 


0-23 


8-10 


4219 


8 




Same burner 


6-3 


0-33 


14-00 


1) 




SS 


Short argand, 5 chimney 


'6-0 


0-11 


9-00 


35-70 




CO 


Small Albert, with button ) 
and glass cone . . 3 


60 


0-18 


3-00 


79-52 




FF 


15-hole iron top argand . 


6-0 


0-28 


6-90 


58-14 




KK 


Platow's double cone 


50 


0-11 


6-90 


50-76 




BB 


Large Albert, with button } 
and glass cone . . ) 


6-0 


0-19 


5.0 


64-61 






Same burner 


7-6 


0-36 


14-0 


)) 




DD 


Large burner, with button > 
and outside cone . } 


5-0 


0-11 


1-0 


93-45 






Same burner 


10-0 


0-80 


14-30 


}j 




GG 


24-hole iron top 


6-0 


0-36 


8-94 


36-23 


7 in. chimney. 




Same burner 


6-0 


0-36 


7-90 


41-9 


8 




Same burner 


5-0 


0-36 


7-20 


43-9 


10 


XX 


Universal argand 


6-0 


•4 


7-0 








Same burner . 


6-3 


•6 


14-0 

1 
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No. II. 

Table showing the Amount of Light in Standard Candles given 
by different Bat-wing Burners (such as are in use among 
Consumers in London and the Provinces) burning Gas which, 
being tested by the Letheby Standard Burner, was equal to 
14 Candles. 



Expe- 
riment. 


Description of Burner. M 


s — 

Consump- 
r. tion per 
hour. 


Pressure 
at point of 
ignition. 


Illumi. 

nating 
power in 
candles. 


Percent- 
age of 
loss of 
light. 






ft. 


in. 






cz 


Bat-wing steatite 


6-0 


•25 


13^0 


7^14 


A Z 


„ Amsterdam 


6'0 


•26 


12-79 


8-58 


GZ 


„ No. 6, common . 


6-0 


•38 


12-04 


14^0 


FZ 


„ No. 3, „ . . 


5-0 


•65 


8-0 


42-9 


EZ 


„ No. 4, „ . . 


5-0 


•72 


9-0 


35-70 


HZ 


„ No. 5, iron ordinary) 
street-lamp burner. J 


60 


1-15 


6-41 


60^16 



No. m. 

Table showing the Amount of Light in Standard Candles given 
by different Fish-tail Burners (such as are in use by Consumers 
in London and the Provinces) burning Gas which, tested by 
the Letheby Standard Burner, was equal to 14 Candles. 



Expe- 
riment. 


Description of Burner. 


Consump. 

tion per 

hour. 


Pressure 

at point of 

ignition. 


Illumi- 
nating 
power in 
candles. 


Percent- 
age of 
loss of 
light. 






ft. 


in. 









Fish-tail, No. 3, iron . 


6^0 


1^12 


5-50 


60^97 


G 


„ No. 3 








60 


1^20 


453 


68^6 


M 


„ No. 3 








6 


1125 


6-92 


60-76 


Q 


No. 4 








5-0 


1-20 


6-97 


58-10 


F 


„ No. 4 








6^0 


0-69 


9^36 


33-14 


E 


„ No. 4 








5^0 


0^57 


9^00 


36-7 


D 


No. 4 








6^0 


0-90 


6^13 


66-17 


A 


„ No. 4 








6^0 


0-52 


11^10 


20^74 


B 


No. 4 








6-0 


1-00 


6-41 


60^16 


C 


„ No. 4 








6-0 


1^00 


6^50 


60-97 


H 


„ No. 5, adamas 






6-0 


0-66 


9-00 


35^70 


K 


„ No. 6, iron 






6-0 


0^80 


7-00 


43^66 


J • 


„ No. 5 






6-0 


0-80 


6-90 


50^76 


L 


„ No. 6 






6^0 


0-56 


10-50 


26-00 


N 


„ No mark 






6^0 


0-606 


10^00 


31-43 


P 


„ No. 2, iron 






6-0 


1^06 


3-97 


71^90 


R 


„ No. 8, steatite 






6^0 


0^40 


12^00 


14^28 



T.2 
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which seemeil to be specially constructed to produce intensitj 
and not quantity of light. Such burners were not good. Neither 
were those in which the development of quantity of light was 
carried to an extreme degree, lor sucli burners were extremely 
liable to smoke. He (Mr. Hartley) thought it better to sacrifice 
a little light, than to use burners which were unduly liable to 
smoke. In his {Mr, Hartley's) opinion, a consumer of gas had 
better use a flat flamo burner, requiring a pi-essui'C of -i in., than 
one requiring a lesser pressure, that was if the consumer wished 
to avoid smoKe, because the variation in the quantity and in the 
direction of the air supphed to a low-pressure burner caused the 
flame to flicker and to smoke. 

Ml'. Harris said he agreed with Mr. Sugg in his remarks 
respecting burners. If the principles the author had stated 
were carried more generally into practice, complaints which were 
now continually made with respect to the supply of gas would 
cease. Consumers had not so much the power ot selecting their 
burners, as the gasfitters who supplied them. The subject of the 
quality or description of burner recommended was one which, 
had not been taken into proper consideration by gasfitters, but 
which nevertheless required their careful consideration. He had 
found by experiment that the largest amount of liglit was prfv- 
duced from gas when it was burning at the lowest possible 
pressure. There was a limit to which that pressure might be 
reduced, because when too low the flame commenced smoking ; 
therefore tlie proper medium was that of a gaslight which was 
burning in such manner as to be just under the point of smoking. 
It was difficult to regulate the presswe at which gas was burn- 
ing, but it might be done by means' of efficient regulators. 

Mr. Gore said he could not agree with Mr. Sugg that so low 
a pressure as that mentioned by him could place the gas in cir- 
cumstances in which It gave the lai^est amount of light of which 
it was capable. There must be a certain amount of pressure to 
project tne gas into the atmosphere. A very low pressure 
under all circumstances was hardly the most economical and 
beneficial mode of burning gas. He agi'eed with the author of 
the papea' that an excess of pressure gave a result in an opposite 
direction detrunental to the quality and quantity of the light 
obtained from it. 

Mr. Wright said that if all the carbon was taken up when 
the gas was burnt, there was less light than otherwise. It ap- 
peared desirable to see what was the residno of combustion, or 
what gases resulted when the greatest quantity of light had been 
obtained ; if the gases were heated the quantity was generally 
augmented, although he doubted whether there was any ad- 
vantage in so doing. Incandescent gases were very slightly 
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luminous, consequently if the carbon was volatilised a blue light 
was obtained. There was a large amount of heat, but very little 
light. Hq therefore thought it would be beat to endeavour to 
ascertain what was the residue of combustion, and what the 
gases were composed of after they were burnt. That would lead 
to a determination of the best conditions under which gas should 
be burned. 

Mr. William Adams said he had recently ti-ied a few expe- 
riments with Bronner's burner, and the result showed an economy 
of about 23 per cent, as compared with the fish-tail burner, and 
with an equal amount of light. There was a curious circum- 
stance connected with the use of those burners, and which illus- 
trated the principle mentioned by Mr. Sugg. One of the burners 
was tried neai" Broad-street Station, where the gas was laid on 
direct from the Chartered Gas Company's Iiolder, and the 
pressure there was unusually great. There was nearly five inches 
of pressure, but the Bronner burner did not roar nor make any 
noise, and the light was perfectly steady, thus illustrating the 
correctness of the principle. 

Mr. Olrick observed that the gas companies ought to supply 
gas at an uniform pressure, and if they could not maintain an 
uniform pressure in their mams, they should supply each con- 
sumer with a governor. He suggested the more general use of 
a thin piece of platinum fixed over the fish-tail burner, which 
expanded the flame and gi-eatly improved the illuminating power, 
to the extent — according to Dr. Letheby — of 55 per cent. If 
the cone referred to by Mr. Sugg was movable instead of being 
a fixture, he (Mr. Olrick) thought it would give additional 
uniformity. 

Mr. Alfred Williams observed that it was to the interest 
of the gas companies to keep the pressure as low as they could. 
Mr. Olrick had refened to Mr. SchoU's bmner, which had a 
piece of platinum attached, and which had a very extraordinary 
effect on the biuTicr. He (Mi'. Williams) bebeved that the 
contrivance failed, because the platinum broke, and as they cost 
one shilling to be renewed, it proved rather an expensive burner. 
He had seen Mr. Sugg's burner, and thought it was the best 
burner that could be had at the present day. 

Mr. SiJGQ in reply upon the discussion said, Mr. Hartley had 
mentioned the Frankland burner, which was simply an argand 
burner with a chimney on the outside of the ortUnary chimney, 
so that the air admitted to the burner had to pass over the top 
of tlie outer chimney and down between the two, and thus get 
heated on its passage to the gas. He had tried a great many 
experiments with the Frankland burner, but lie had nevei' suc- 
ceeded in obtaining anything like a good result from it. The 
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London burner was constructed upon calculations and from 
experiments made with other burners. He (Mr. Sugg) had never 
tried any experiments for illuminating power with the burner 
itself, but the results arrived at by independent testers had sliown 
it to be about 18 per cent, better than the Letheby burner. 
Keferring to the first portion of the paper, it would be recol- 
lected that Mr. Clegg said that the way m which the burners 
were to be made was such as that the air must be admitted 
to the burner in proi>er quantity — just the amount to consume 
the gas. As far as that was concerned, he (Mr. Sugg) bad tried 
some experiments with Mr. Clegg's double-cone burner, and he 
thought there must be some mistake in the sizes mentioned, 
because, making it of exactly those sizes, he had nevei' beeh 
able to get so good a result as it was evident from the ctesciip- 
tion would be arrived at. The admission of the air exactly in 
the quantity requh-ed was not a con-ect theory. If the air con- 
tained nothing but oxygen, it would be, but it contained othej" 
substances, especially nitrogen, and a column of air must be 
allowed to pass through the burner, so that the oxygen would 
combine by its own affinity with the liydrogen to be consumed, ,, 
and the nitrogen pass away. In the London burner the gas 
arrived through the tubes at a pressm-e of about four or five-tenths 
of an inch, which was regulated by the inverted cone. The 
holes at the top of the burner were made of such a size that the 
gas would issue from the combustion chamber of the burner at 
a greater rate than that at which it would enter. Consequently 
the pressure was nil, and it was not necessary to a bmTier that 
there should be pressure upon it in order that it should burn 
well. A burner of that kind where the gas issued almost by 
, its own gravity did not appear, by experiments made, to be more 
liable to smoke than a burner working at a higlier pressure, but 
if an argand burner was worked at a liigher pressure than that, 
light would be lost, and the higher the pressure at the point of 
ignition, the lower the illuminating power. The explanation 
was, that if the gas was driven out at a great velocity, it was 
shot, as it were, out at the top of the chimney before it had 
time to combine with the oxygen admitted to both sides of the 
flame, and to get into perfect combustion. Mr. Hai-tley said it 
was better to sacrifice a portion of the light than to have a 
smoky burner. It was not at all necessary to have either one 
<w file other ; light need not be sacrificed in order to prevent 
. If the gas was perfectly consumed and combined with 
ygeu in a proper manner, perfect combustion ensued, and 
vas no smoke. That i-esult was obtained perfectly with 
rand burner, but not with any other. It was supposed 
fish-tail burner did not produce auy smoke, but with 
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the least draught the flame would fall together, and there would 
be smoke. With regard to the cone of the London burner, the 
higher it was screwed up the more it closed the opening, and 
the amount that it should be screwed up or down was regulated 
by paper washers inserted at the joint of the regulating cone. 
When it was screwed down so as to get exactly the flame re- 
quired about midway up the chimney, there was no smoke, 
and in that state the burners could be turned full on, and 
the light was always uniform with a perfect combustion. 
Mr. Efarris said that burners caused a great deal of dissatis- 
faction on the part of the consumers. He (Mr. Sugg) agreed 
with that statement. But consumers generally applied to the 
gas company, when they found their bills were higher than 
they considered that they ought to be, and the usual rule was 
for the company to recommend a smaller burner. The conse- 
quence was that there was no decrease whatever in the con- 
sumption. The result obtained from the platinum perfector 
depended upon the size of the orifice. If the gas was turned 
on at a hign pressure, then the platinum perfector reduced the 
destructive effect, and prevented the gas from being driven out 
so forcibly, thus giving a better result. A fish-tail burner was 
always taken for experiments with the platinum perfector, but 
if a burner with a large orifice was used it would not give any 
better result with the perfector than without it. 

The President said it was apparent from the opinions of 
those present that a fish-tail burner was about the worst kind of 
burner, and the sooner it was abolished the better. The London 
burner appeared to be the best he had seen. The gas companies 
supplied meters, and he thought it would be to their advantage 
and to the advantage and satisfaction of the public generally 
if they were to supply good burners. It would doubtless be 
more economical to the companies, and it would give consumers 
more satisfaction if the companies were to supply burners which 
woidd give the best light at the most economical rate. 
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October ISth^ 1869. 
F. W. BRYANT, President, in the Chair, 

ENGLISH AND CONTINENTAL INTERCOM- 
MUNICATION. 

By Perry F. Nursey. 

One of the most prominent and important questions of the 
present day, and one to which a very wide-spread attention is 
being given, is that of providing a more easy and rapid system 
of intercommunication between England and France than we at 
present possess. Nothing is more obvious than the necessity 
which exists for improvement in this direction. The steam-packet 
service between England and France — which is in fact a service 
between Great Britain on the one hand and Europe and the 
East generally on the other — is about the worst we have. It is 
an undoubted fact that the great majority of passengers crossing 
the Channel suffer — short as is the sea passage — extreme dis- 
comfort from sea-sickness and want ot shelter during bad 
weather. Not unfrequently the traveller from India or from 
America finds the British Channel the most unpleasant part of 
his journey, and he sometimes looks forward with more anxiety 
to the state of the Channel than to the heat of the Red Sea or 
the passage of the Atlantic. In the case of America, he will 
often select a French or an English vessel, according to the 
country which he desires to reach, in order to avoid the Channel 
crossing, rather than from any other consideration. There are 
now, exclusive of the routes by Ostend and Antwerp, 310,000 
passengers per annum to be provided for, of whom 142,000 
travel oy Calais, as the mail route. Those numbers are un- 
ioubtedly capable of great augmentation on greater facilities 
nd increased comfort being afforded. But the existing steam 
^sels, restricted as to their dimensions for want of better pier 
\ harbour accommodation, are disproportionate to the service. 
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Larger vessels, with less movement in rough weather, more 
shelter, and better accommodation generally, would do much to 
mitigate the discomforts of the sea passage. Pending the suc- 
cessful issue of other more extensive and more permanent pro- 
jects, it would be well if these improvements were effected. But 
larger vessels cannot be employed for a fixed service until better 
provision is made for embarking and disembarking passengers, 
especially on the French coast. The Society of Arts, ever on 
the alert to improve the social position of mankind, has offered 
its gold medal for the best design for a steamer which shall 
afford the most convenient shelter and accommodation to pas- 
sengers on the deck of the vessel crossing between France and 
England. The attendant circumstances of the case, however, 
oblige the society to specify that the steamer is not to exceed in 
tonnage and draught the best vessels now in use between Folkes- 
tone and Boulogne. There have also been other schemes pro- 
pounded at various times for vessels of special build suited to 
the present harbour accommodation. Into these propositions, 
however, it is not our present purpose to enter. The growing 
necessity for a radical improvement teaches us that they can 
only be regarded as temporary expedients, which must give way 
in course of time to more permanent works. We will therefore 
proceed to the consideration of th^ more important and extensive 
projects which have been placed before the public during the 
last few years. These consist of tunnels driven beneath the bed 
of the sea; submerged roadways and tubes; large ferry-boats 
carrying the trains on board, bridges across the Channel, and 
embankments. 

If we glance at the history of the question we shall find it to 
extend further back into the past than is generally supposed. 
Something like a score of projects for effecting direct communica- 
tion between the two countries have been proposed from first to 
last. Up to the close of the year 1866, three French projectors 
had proposed tunnelling under the Channel ; five. English and 
two French inventors had proposed submerged tubes ; one 
Frenchman proposed an arched roadway or tunnel, and an Eng- 
lishman a bridge. Since that time there have been some seven 
or eight proposals for effecting that object ; to these attention 
will presently be specially directed. The idea of tunnelling is 
much the oldest ; a French engineer, M. Mathieu, nearly seventy 
years since, considered the scheme practicable. He worked out 
the details of his plan and laid them before Napoleon, then 
First Consul. In 1856, M. Thome de Gamond proposed a 
tunnel scheme which received more than ordinary notice. The 
plan was to form in the Channel thirteen islands by carrying 
materials out to sea, to sink shafts through them into the earth 
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belofw the bed of the Channel, and then tnnnel from one to the 
other. A commission of engineers was appointed, and they care- 
fallj examined 'SI. de Gamond's data and conclusions, and par- 
tictuarly his geological investigations, which were the first steps 
taken to demonstrate practically the nature of the strata beneath 
the Channel. These investigations supported the theory that 
the Straits of Dover were not opened by a sudden disruption of 
the earth at that point, but had been produced naturally and 
slowly by the gradual washing away of the upper chalk ; that 
the geological formations beneath the Straits remained in the 
original order of their deposit, and were identical with the for- 
mations of the two shores, being, in fact, the continuation of 
those formations. Acknowledging the scientific accuracy of M. 
de Gamond's conclusions, the commission recommended an ap- 
propriation of 20,(XK)Z. to make preliminary examinations. The 
plan, however, was finally rejected on account of its interference 
with the navigation of the Straits. The submerged tube pro- 
jecto3'8 of that time, with one or two exceptions, appear to have 
given the subject less study than the advocates of the tunnel. It 
was a .work very easily effected ; you only have to construct 
your [tube in sections ; float them over the proposed line of 
route ; sink them and connect their ends ; pump the water out, 
and the thing is done. Hear how one of these facile gentlemen 
describes his project : 

"My plan is simply to construct wrought-iron tunnels in 
separate divisions ; to sink them on the bed of the water, and 
then to connect them. It will be admitted that to construct 
such a tunnel would be an easier matter than to build iron 
vessels, as it would be the same shape the whole length. Then 
to sink it on the bed of the water would be the work of a few 
hours for each division of 400 ft. in length." A momentary fit 
of reflection, however, seizes him when he has sunk his lengths 
of tube, for he says : " Perhaps the part of the work which will 
appear tlio most complicated will be to connect the divisions 
under water," But, (quickly recovering himself, he adds : ^* The 
operation will be attended with no extraordinay difficulty to 
those who can remain during half an hour in deep water." 
Turning to tlio shore ends he observes : " As regards that part 
of the tunnel which would be near the shore, it would be sunk 
under ground, and covered with stones fastened together, so as 

to rt^uler them immovable Then the railway will be 

formed in forming the tube ; there will be no hills to cut through, 
valleys to fill up, nor arches to bmld ; in short, the sum total of 
tlio work is comprised in the tunnel itself." Warming with his 
subject he grows bolder and says : " Supposing the mvisons to 
^ UKK) ft. in length ; in that case, only 104 divisions would be 
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required to join the rails of the South-Eastern Railway with 
those of the Calais and Paris. Now, suppoaiiig each of these 
divisions would cost 40,000?,, the cost of the whole would be 
4,160,000?. ; and if we aJlow for the expense of throwing them 
in deep water, of connecting them, of building stations, &c., on 
a magnificent scale, it will, 1 believe, be found that the sum of 
8,000,000?. sterling would be quite sufficient to complete the 
submarine railway." Really the manner in which this gentle- 
man speaks of throwing into deep water iron tubes a thousand 
feet in length, and capable of containing a railway, is most 
refreshing, and must have been very encouraging to the sea-sick 
continental traveller. 

Turning to another project we find it to consist in crossing 
the English Channel by means of a tube made of strong plate 
iron, or cast iron, lined and prepared for that purpose, and which, 
placed at the bottom of the sea, should contain the two lines 
for the trains which would run within it. The slope given to 
the submarine railway would admit of a motion sufficiently 
powerful to enable the caiTiages to cross the Cliannel without a 
steam engine. The greatest depth of the sea at the middle of 
the Channel will admit of the construction of inclined planes, 
by means of which the train would be enabled to reach a point 
where a stationary engine, or atmosphenc pressure, might be 
employed in pi'opelliug the train to the level of the land railways 
of France and England. 

Another visionary does not place his tube on the bottom, but 
proposes to situate it at a uniform depth from the surface, by 
means of ties below (and buoys above, if necessary), at suitable 
intervals. He says ; *' The continuation of tho tunnel into the 
shore on either coast I should dispense with ; and in order that 
it should have a partial freedom of motion, it should tenninate 
with solid ends before reaching the shores, To these points, 
chiun piers should extend ; or, if strict economy were aimed at 
in this item, the communication might be by small steamers." 
As the tunnel or tube in question contains only a single line, 
the projector proposes pushing one way, and pulling the other ; 
or, he says, electricity should, if at all practicable, be the motive 
power. After proposing, as the principle of construction, some- 
thing analogous to the coopers craft, he continues : " When the 
tube was completed from end to end, favourable weather would 
be waited for, and the work of lowering would theu be accom- 
plished, nearly as follows : The air-tight interior of each pontoon 
would be connected by an ample length of flexible pipe to an 
air-pump of adequate power, on board a vessel anchored at a 
distance corresponding to that intended for the mooring weights. 
The two lines of vessels should be manned by steady men-, eaaV 
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crew nnder a trustworthy leader. Athwart the vessels wonld be 
laid, from the shore, the wires of au electric telegraph, commu- 
nicating with an appai'atus on board of each ; bo tiiat, at a pre- 
concerted signal, the abstraction of the air frani the pontoons 
should be commenced simoltaneously at a given time, and caiv 
ried on at a given rate. By this means, the pontoons, gradually 
deprived of tlieir buoyanc}-, would yield to the pressure of their 
burden — the buoyancy acquired by which as it entered its future 
element would Le overcome by the weight-s with winch, through- 
out its length, it was loaded, which would speedily sink it to its 
prescribed depth. It would fee when the tube reached the 
water that the mooring weights, having been preparatorily slung 
under the vessels above mentioned, would, at another Bignal by 
the electric triegraph, be simultaneously let drop into tiie sea, 
and drag down tneir charge along with them," 

"We will only briefly notice two more of these easy-goins 
gentlemen, whose ideas slip out so glibly that practical men fail 
to grasp them, and these ai-e tlie proposer of the arched readway 
or tunnel on the bottom, and the proposer of the bridge. The 
former, with forty subaqueous boats, of which he was the mventor, 
1500 sailors and navvies, 4,340,000 cubic yards of material, and 
10,000,000/., undertook to construct a tunnel, by means of 
■which the Straits could be crossed iu thirty-three minutes. The 
mammoth bridge projector would make in the Channel 190 
pedestals, 300 ft. square at the bottom, consisting of rocks bolted 
and lashed together, gradually rising at an angle of 15°, till they 
formed each an insular plain, 150 ft. square, 40 ft. above the 
level of the sea. Ou these he would build towers 100 ft. dia- 
meter, 260ft. high; crowning the whole with a tubular bridge 
50 ft. deep and 30 ft. wide. 

Ceai,mgks. 

We will now turn to the more practical projects whicli have 
since been advanced, noting them somewhat in the order of their 
appearance before the public. First, then, comes the proposition 
for a Channel railway, by the lata Mr. James Chalmers, whose 
name is connected with some very valuable improvements in the 
construction of armour-plated ships and forts, but wliich his pre- 
mature death prevented him perfectly developing. Mi-. ChaJmei's' 
plan was to Jiave a tube of boiler-plate iron, Hned with brick- 
work, laid on the bed of the sea, and having ventilating towers 
at intervals. Through this tube the railway was to be carried. 
His project provided for an unbroken double line, connecting the 
railways of England and France by easy gradients, capable of 
carrying all ordinary trains at the usual speeds on the best roads, 
and of insuring perfect safety and comfort. It was to offer no 
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obstruction to the navigation of the Channel, and Mr. Chalmers 
estimated that the work could be completed in three years for 
12,000,000/. The principal features of the work, as proposed 
in 186(), were two strong iron tubes, cased with timber, and 
lined with brick, each containing a single line of railway, and 
reaching from shore to shore on the bottom of the Channel. 
The displacement and weight of these tubes was designed to be 
so nearly balanced that both in submerging and when m position 
they would not be subjected to any appreciable lateral strain. 
There would he a slight excess of displacement, which would be 
effectually overcome by the materials with which the tubes were 
to be covered. Mr. Chalmers held that as the cuiTent alternated 
up and dowu Channel with the rise and fall of the tide, the 
embankment would silt up eventually, and become a solid, 
impermeable mass, having the appearance of a ridge reaching 
from shore to shore, about 150 ft. wide at the base, 40 ft, high, 
and from 40 ft. to 120 ft. below the level of low water. Mr. 
Chalmers proposed to have three ventilators, one in mid-channel, 
and one about a mile from either shore. Thus the main portion 
of the work would be eighteen miles in length ; and this divided 
by the deep-sea ventilator, would give two sections of nine miles 
each. Consequently, a trainacould never be more than four 
and a half miles from an opening. From those and other points 
the air was to be withtlrawn through pipes by machinery situated 
in the central ventilator, or on the shore embankments, which 
would cause currents of fresh air to msh to those pai'ts most 
distant from the ventilators. 

The tubes were to bo circular in fomi, and made of boiler 
plate, double-riveted and caulked. The circular form was to be 
preserved, and the tubes were to be strengthened by iron girder 
frames surrounding them. To the outer flanges of these frames 
the timber casing would be attached by bolts ; and the spaces 
between the timber casing and the tube proper iiiled with 
concrete. Finally, tbe interior woidd be lined with the most 
durable description of brickwork. 

The timber caging, properly caulked, says Mr. Chalmers, 
would be equal in strength anci water-tightness to the plating of 
a frigate ; tne tube itself would be as tight and stronger than a 
steam boiler or iron ship ; and the concrete packing between the 
planking and the tube would also be impermeable to water. 
Thus, not only is a double or treble precaution taken against 
leakage, but the iron would be protected, both without and 
within, from any injurious effects that might result from contact 
with sea water ; though, at the depth at which these tubes would 
placed, such contact, even if passible, under the circumstances, 
would not be so injurious as if they were nearer the surface. 
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Maury, in his "Physical Geography of the Ocean," states aa ' 
follows : — " Count Marsigli divides aea water into surface and 
deep sear-water; because, when he makes salt from surface 
water (not more than 6 in. below the upper strata), this salt will 
give a red colour to blue paper ; whereas the salt from deep-sea 
water will not alter the colours at all. The blue paper can only 
change its colour by the action of an acid. The reason why this 
acid (iodine?) is found in surface and not in deep-sea water is 
that it is derived from the air." Hence, argues Mr, Chalmers, the 
bottoms of iron ships — when the interior skin of the iron is kept 
clean and well-painted — appear to suffer little or nothing from 
the action of the water on the exterior. But, even if the iron of 
the tube were to suffer by oxidation in forty or fifty years (a 
circumstance wliich, from its position, Mr. Chalmers considers is 
far from probable) the embankment, by this time silted up into 
a solid mass, the timber casing, tlie concrete and interior lining, 
would of themselves insure the permanency of the Channel 
railway. 

The ventilator in mid-cliannel was to be a circular mass of 
iron and stone, 100 ft. in diameter, and 210 ft. in height, 166 ft. _ 
of which would be below the wat«r-line. When finished it waa | 
to weigh about 100,000 tons, ant^ displace 50,000 tons of water. 
It was to be surrounded by, and embedded in, the embankment 
that covered the tubes, which at that point was to be raised to a 
height of about 80 ft. The other ventilators were to be ordinary 
air-shafts near the end of the shore embankments, which would 
be run out, breakwater fashion, about a mile from either shore 
to a depth sufficient for navigation over the tubes. The tubes 
were to bo made in lengths of 300 ft. or 400 ft., were to be fitted 
with temporary bulkheads, lowered into position, and united by 
a somewhat delicate submarine operation. _ I 

Hawkshaw. 

Mr. Hawksliaw's attention has been dii'ected to the subject of 
a tunnel for connecting the railway systems of England and 
France, and he lias made a practical geological esammation of 
the Channel and the two coasts, the results of which are of 
great value in connexion with the question. As Mr. HawkshaVs 
scheme appears to have absorbed those of M. de Gamond and 
Mr. Low, an English mining engineer, it ■will be as well to trace 
the history of the combination concurrently with the develop- 
ment of the scheme. The project has been worked out under 
the auspices of a committee by Messrs. John Hawkshaw, James 
Brunlees, and William Low, Englisli engineers, in conjunction 
with MM. Paulin Talabot, Michel Chevalier, and Thom^ de 
Gamond. Tlicse gentlemen liave reported to the committee of 
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promoters of the undertaking, and that document supplies the 
following facts and valuable iujformation, from which we gather 
the iiistoiy of the scheme. 

Following the order of the report, we will first take Mr. 
Low's proposition. That gentleman has for several years past 
conceived the idea of connecting the railway systems of France 
and England by tunnelling, and as a practical mining en^neer 
he has clevoted his attention in the first place to securing the 
efficient ventilation of the work both during construction and 
after completion. In most of the tunnel schemes it is proposed 
to effect ventilation by means of towers in the sea, more or less 
numerous, and differing in magnitude and cost. Mr. Low pro- 
poses to dispense entirely with shafts in the sea, and to com- 
mence the work by sinking pits on each shore, driving thence, 
in the first place, two small parallel driftways or galleries from 
each country, connected at intervals by transverse driftways. 
By this means the air could be made to circulate as in ordinary 
coal mines, and the ventilation be kept perfect at the face of the 
workings. Another advantage attending tins mode of proceed- 
ing is that these headings could be driven from shore to shore at 
the minimum of coat, and the practicabihty of executing the 
proposed tunnels demonstrated without extravagant outlay. The 
driitways were to bo turned into two tunnels suitable for the 
ordinary locomotive traffic of the railways to be connected by 
this work. Having settled the principle of the construction of 
hia tunnels, Mr, Low investigated the geological nature of the 
shores of the Straits. From personal examination of the most 
careful character, he verified the data of Mr. Phillips and of 
other eminent geologists who have made the geology of the 
shores of the Straits, and the subject of the continmty of the 
strata under the sea, their special study. He also examined the 
borings for the artesian well at Calab, the artesian well at Har- 
wich, and several other wells of less magnitude, by all which the 
regularity of the strata was proved. He found everywhere that 
the deductions of the geologists were sound ; and at the line 
which he ultimately fixed on tor his proposed tunnels, viz., about 
half a mile west of the high light of the South Foreland, and at 
four miles west of Calais, the tunnels could be made almost 
entirely through the loWer or grey chalk, which, owing to its 
comparative freedom from water, and the general absence of 
cracks and fissures in it, offered the most desirable stratum for 
working in. Mr. Low laid his plans before the Emperor of the 
French in April, 1867, and his majesty desii'ed Mr. Low to 
proceed to orsanise the means of carrying out his project, and 
to come to Ins majesty again when he was prepared to lay 
definite proposals before him. 
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In an international work of this nature, it was desirable 
obtun the co-operation of a French en^neer, and Mr. Low 
therefore put himself in commimication with M. de Gamond, 
who placed his geological studies and sections at Mr. Low's dis- 
posal. Mr. Low then laid the results of his and M. de Gamond's 
labonra before Mr. Bmnlees, who, afl«r a careful examination of 
the project, consented to co-operate with Mr. Low and M. 
Thom^ de Gamond for the prosecution of the proposed work. 
In accordance with the desire of his majesty, a committee of 
French and English gentlemen was formed in furtherance of 
theproject. 

For some years past Mr. Hawkshaw's attention had been 
directed to this subject, and ultimately he was led to test the 
question, and to ascertain by elaborate investigations whether a 
submarine tunnel to unite the railways of Great Britain with 
those of France and the continent of Europe were practicable. 
With this object he caused to be made a careful examination of 
the geology of the Channel and of the French and English 
coasts, ana had a chart prepared, based on that examination, and 
on such further information as he could procure. From a 
careful consideration of these geological investigations, Mr. 
Uawkshaw. arrived At the conclusion that it was desirable that 
the tunnel should pass as far as possible through the lower ch&tk, 
for it appeared to him that if an attempt were made to carry it 
through the strata lying under the chalk, it would have to pene- 
trate material of valuable natin-e, some of which would be soft, 
and through which it would he undesirable to construct a sub- 
marine tunnel. It also seemed to him desirable to depress the 
tunnel as much as possible below the upper or white chalk, and 
to carry it as far as practicable through the lower or grey chalk, 
which 13 less permeable to water than the upper or white chalk. 
But when he had pi-oceeded thus far, Mr. Hawkshaw felt that 
more accurate information than could be arrived at by geolo^cal 
inquiries only, however carefully conducted, was necessary. He 
had ascertained that at Calais an artesian well had been sunk 
to a depth of about 1000 ft., and from the records of this work 
he obtained the particulars of the strata at that point. This 
well, which failed to procure water, was some distance from the 
spot on the French coast where, from the geological inquiries, it 
seemed desirable that the submarine tunnel should be placed. 
He therefore decided to make borings on each coast, at the ends 
-' ""^e line which approximately seemed the best position for the 
il, and also to examine the bottom of the Channel for some 
ice on each side of that hnc. Accordingly, at the be^nning 
B year 18G6, a boring was commenced at St. Margaret's 
Dear the South Foreland; and in March, 1666, another 
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boring was commenced on the French coast, at a point about 
three miles westward of Calais; and simQitaneously with these 
borings jui examination was carried on of that portion of the 
bottom of the Channel lying between tlie chalk cliffs on each 
shore. 

The boring on the English coast was satisfactorily completed 
in 1867. It was carried through the chalk and into the green 
sand, which was reached at a depth of 540 ft, below high water. 
The boring on the French coast was continued from the surface 
to a point about 520 ft. below high water. It passed through 
the upper chalk into the lower or grey chalk. This was com- 
pleted at the end of 1867. It was Mi-. Hawkshaw's intention 
to have carried this boring also entirely through the chalk, bat 
in attemptiag to substitute larger boring tubes, the hole was acci- 
dentally filled up with sand and shingle from the top. The 
results, howevM-, arrived at from this boring seem sufficient, and 
acoerded very nearly with the records of the Calais well, and 
with the geological survey previously made ; so as not only to 
ccmfirm their accuracy, but to lead to the deduction that at the 
site of this boring the chalk would extend to, and the green sand 
be reached at, a aepth of about 750 ft. below higli water. 

For the examination of the bottom of the Channel a steamer 
was engaged and suitable apparatus provided, by means of which 
the bottom could be pierced for a short distance and specimens 
could be raised from the bed of the Channel. On shore suitable 
points can be selected for examining the strata ; whilst at sea 
many of the examinations made from soundings fall on superficial 
deposit. A survey of the Channel, tlierefore, cannot be so com- 
plete as a survey of the"coasts. Nevertheless, the result of the 
examination seems to indicate that across the Channel the position 
of the chalk is nearly identical with that deduced from the pre- 
vious geological inquiries. 

The principal practical and useful results that the borings 
have determined are, that on the proposed line of the tunnel the 
depth of the chalk on the English doast is 470 ft. below high 
water, consisting of 175 ft. of upper or white chalk and 295 ft. 
of lower or grey chalk ; and that on the French coast the depth 
of the chalk is 750 ft. below high water, consisting of 270 ft. of 
upper or white chalk and 480 ft. of lower or grey chalk ; and 
that the position of the chalk on the bed of the Channel, ascer- 
tained from the examination, nearly corresponds with that which 
the geological inquiry elicited. It also appears probable that 
there is no great fault or serious interruption in the continuity 
or regidarity of the strata between the two shores on the proposed 
line of tunnel. The results of these investigations were sub- 
mitted to M. Michel ChevaHer and M. Paulin Talahot, and 
U2 
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thej were put in possession of all the informatioii tliat had been 
obtained. 

Such, then, is the history of the separate investigations which 
have been made into this important and interesting subject, and 
the general nature and result of those investigations. We will 
now proceed to the conclusions at which the members of the 
Committee of Engineers arrived after consulting together and 
comparing the several data. 

Thej submit tliat it is evident that at some sufGcient depth 
below the bottom of the Channel a tunnel could be constructed, 
so that, as regards superincumbent pressure only, it would be 
analogous to constructing a tunnel of similar length through a 
mountain so high as to prohibit intermediate shafts ; it is further 
evident that any possible irruption of sea water may be avoided 
by going deep enough below the bottom of the Channel. On 
the other hand,' they observe that there is a limit to the depth at 
which the tunnel can be carried, from the necessity of approach- 
ing it from the shore and obtaining gradients for those ap- 
proaches suitable for railway traflSc. If the tunnel were carried 
through the upper or white chalk, or chalk with flints, apart 
from a possible irruption or percolation of water from the sea, 
fresh water might be encountered to the usual extent that it is 
met with in that formation. But the tunnel can be depressed 
so as to pass mainly through the lower or grey chalk, wnich is 
less permeable, and where the quantity of fresh water would be 
comparatively unimportant, provided no great fault or disloca- 
tion of the strata exists — and the investigations lead to the 
conclusion that no such great fault does exist. It is probable 
that at tlie depth below the bed of the Channel at which it 
would alone be prudent to carry the tunnel, any fissures that 
may occur in the chalk have been filled up, and that from this 
circumstance and from the nature of the lower chalk no more 
water will be met with than can be overcome by pumping. 

With regard to the execution of the work itself, the Com- 
mittee of Engineers consider it proper to drive preliminary 
driftways or headings under the Channel, the ventilation of 
which would be accomplished by some of the usual modes 
adopted in the best coal mines. All other questions in relation 
to the construction of the permanent tunnels would be decided 
from the experience gained in making the driftways, and it 
might even be deemed advisable to commence the formation of 
the permanent tunnels before the' completion of the driftways, 
if cu'cumstances indicated the desirability of that course. They 
propose that the tunnel should be of tne ordinary form, suffi- 
ciently large for two lines of railway, and to admit of being 
worked by locomotive engines, and artificial ventilation could be 
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applied. The desirability of adopting othpr modes of traction 
is left for future consideration. 
Finally, the following general conclusions are submitted: 

1. That there la a reasonable prospect that the work can be 
accomplished, but that it would be improper to deny that it is 
attended with a certain amount of risk. 

2. That this risk is limited to one contingency — ^viz., the poB- 
sibility of sea water finding its way by some unforeseen fissnre 
into the workings in quantity too great to be overcome. Apart 
from this risk, tunnelling in chalk is easy and rapid, and the 
execution of a tunnel of the length of the one under considera- 
tion is only a question of time and expense. 

3. There seems to be no reason to assume that the tunnel 
would cost more than ten millions sterhng, or that it could not 
be completed in nine or ten years. 

4. The question of risk would be fully solved by sinking land 
shafts on each coast, and driving tbe preliminary driftways. 
This portion of the work being safely accomplished, the re- 
mainder would be of an ordinary character. 

5. The possible loss would be measured by the cost of this 
preliminary work, which is estimated at one million and a half, 
and which could not exceed two millions, or (say) one-fifth of the 
whole cost of the tunnel. 

6. That this risk should be undertaken by the Governments 
of France and England, if, after consideration, they deem the 
importance of the work and the probability of its completion suf- 
ficient to justify them in doing so, 

Austin. 
Towards the close of last year Mr. W. Austin proposed a sub- 
marine three-way tunnel under the Channel. His plan is to cross 
at a line of route extending from tbe landing piers at Folkestone to 
the landing piers of Cape Grianez, but the tunnel will range below 
the sea bed, at a safe depth forpractical permanent masonry arches, 
which will be constructed of imperishablematerials, on an improved 
principle of vertebraical bond. The tunnel is intended to pass 
underneath the submerged island, called the Varne, lying near 
the mid-channel, and on which island Mr. Austin proposes to erect 
a central ventilating shaft or tower, which would be available as a 
permanent central lighthouse and naval signal shaft ; also to 
afford a refuge or retreat for crews of ships wrecked in the 
Channel. As a fence or guard to this central tower or shaft, it 
is proposed to have two ranges of timber floating breakwaters, 
so as to act as floating retreats for ships, and protectors to the 
tower shaft from hurricanes or gales. Two other masonry 
shafts will be permanently constructed for ventilation and 
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pumping purposes at each shore. Seven or eight tempocatj' 
shafts will also be constructed in iron, and sunk and bored down 
to the tunnel arching, so as to give ventilation to workers in 
construction of the tunnels, and also to remove a portion of the 
excavated debris. These temjjorary shafts would be protected 
by moored floating booms or fences during the construction of 
the tnnnel, and, on completion of the tunnel, the temporaty 
shafts and booms would all be removed, having done their work. 
The gradients of inclines of the proposed tunnels are so arranged 
that the steepest gradients of the two shore inclines, or connex- 
ions with the main land railways, in England and France, do 
not exceed 1 in 100, so that locomotives of moderate powers 
would accomplish the required work easily. Occasional openiqgs 
are to be constructed in the masonry range of ttmnel wall sides, 
so as to allow for a traverse of engines and carriages Fr<Hn tme 
range of tunnel to another, in the event of any accident or _ 
emergency, when traverse frames would quickly shift thediSf J 
ablea carriages out of the way of an obstructed traffic. , , I 
Arrangements of a distinct and peculiar character were to be ^ 
made for tlie proper ventilation of the tunnels, by air and wsUar 
streams ; also for the lighting the tunnels throughout, by per- 
fected modes of gas burning, in specially constructed lamps, &c. 
Every facility will be provided for laying down a perfect system 
of telegraph conducting wires, which will bo easily accessible foe 
adjustment and repair: and the present great risks and acta- 
dents, now bo often occurring, of tearing up telegraph cables by 
ship's anchors, will then be avoided. Subways are to be con- 
structed throughout the tunnel ranges, which will exhaust any 
accumulation of steam and waste waters, or temporary leakages, 
and which water will be passed through well-pits, and than ejected, 
by pumps, connected with the great central shaft and two 
shore shafts. The advantages of three tnnnel ranges ^ill be to 
keep special, ordinary, and goods traffic trains separate and 
distinct, and thus obviate present causes of frequent actadents 
by clashing trains conveying passengers and goods on the 
same ranges. Mr. Austin states that his scheme would cost 
17,600,000^. 

FOWLEH. M 

Mr. John Fowler has for several years past directed hirl 
attention to the best mode of improving continental communica- 
tion, and he prefers a system of ferrying the trains over in steam 
vessels rather than either a bridge or a tunnel. He has for the 
last two years associated with him Mr. Abemethy, and Mr. 
Wilson as acting engineer. After a carefid examination of tha J 
harboui-s of Calais and Boulogne and the coast between thetn^l 



ENGLMH AND CONTINEKTAL INTBRCOMMtnTICATION. 

and after considering the general question, these gentlemen came 
to the conclusion that the followine were essential requirementa : 

1. Well-sheltered harbours with deep water on Both coasts 
capable of affording ingresa and egi'ess at all times, irrespective 
of weather and tide. 

2. A class of vessels, in the nature of fenr-steamers, of 
greatersize and power, making rapid passages, and comparatively 
unaffected by wind and sea. 

3. Safe and speedy means for the interchange of passenger 
traiGc between the railways and such ferry-steamers, so as prac- 
tically to form a continuous communication. 

Conceiving that the harbour and pier at Dover afforded veiy 
inadequate terminal accommodation, and inssfHcient protection, 
particularly from easterly and south-easterly gales, they propose 
the construction of a new harbour westwarcf of the existing pier, 
with a graving dock, a covered berth for the steamers, and 
hydraulic apparatus for transferring the trains from the quay 
to the steamers, and vice versa. They consider that Calais, 
which was exposed to all winds from west to east, and was 
choked up with sand, offers no facility for a harbour for such 
steamers ; and that the harbour of Boulogne, though more 
readily capable of partial improvement, partakes of the same 
natural defect of sand accumulation. They have, therefore, 
selected a point of the coast south of Cape Grisncn and north of 
Ambleteuse, near the village of Audresselles, where the deepest 
water was to be found near the coast, and sheltered from the 
northward and eastward by Cape Grisnez, They consider that, 
by constructing a harbour at this point, they will secure the 
shortest available sea passage, with clear navigation across the 
Channel from Dover, and with the advantage of the first-class 
light on Cape Grisnez as a guide on the darkest nights. They 
propose to connect this harbour by a railway four miles long with 
the Chemin de Fer du Nord, and to add a short branch for com- 
munication with Calais and the north. 

The steam vessels the projectors of this scheme propose to 
employ between these harbours are to be 450ft. long, with 57ft. 
of Deam, and 80ft. across the paddle-boses, propelled by dis- 
connected engines of 1500 horse power, performing the voyage 
in one hour, and with comparatively little pitching or rolling in 
any state of the weather. They further propose to form covered 
stations for the interchange of passenger and goods traffic be- 
tween the steamers and the shore, the transfer of the passenger 
carriages to be effected by hydraulic apparatus, irrespective of 
tide, m a few minutes. The steamers are to be luxuriously 
fitted up with first and second-class refreshment saloons, and 
with ladies' and private cabins ; and^ in addition to the saving 
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of time in the sea passage, and on either coast, the passengers 
are to have the advantage of being able to secure and retain the 
Heats in their rwlway carriages throughout the journey between 
London and Paris and other centres. At the same time the 
various saloons and cabins and the decks of the steamers will be 
at their service. The projectors believe that the extra comfort 
to the passengers afforded by such accommodation, and by the 
regularity of tlie service, is far more important than the saving 
of time that would be effected. They reject as insufficient and 
unsuited to the requirements of the present day, all partial 
improvements of Boulogne Harbour and the service between 
that harbour and Dover or Folkestone ; and they estimate that 
these works, and the railway steam-ferry steamers, may be com- 
pleted within three years, at an expenditure of 2,000,000Z. 

Kemington. 
In 1865 Mr. George Remington published a plan for the con- 
struction of a tunnel railway from Dungeness to Cape Grisnez. 
Before advancing his scheme Mr. Remington ascertained as far 
as possible the nature of the geological strata forming the bed of 
the Channel. He found that the coast in the neighbourhood of 
Dover and Folkestone consisted of chalk, which extends under 
the Channel to the Calais shore. As Mr. Remington concluded 
that this formation, which is in itself so very porous and contains 
so many fissures, could not be suited for tunnelling under a 
great head of water, he visited Dungeness, and examined the 
■whole line of shore from Hastings to Dover, and satisfied himself 
that the Wealden formation, consisting of very strong clay, beds 
of freestone, and freshwater limestone, extended from Dun- 
geness across the Channel to Cape Grisnez. Having concluded 
fliat that was the proper course for the construction of the 
tunnel, he at once proceeded to prepare plans and sections, and 
laid them before the Board of Trade, the Minister of Works, 
Paris, and others. This proposition has again been brought 
before the public within the last few months. 

The line is intended to commence at the town of Lydd, where i 
it will join the branch railway from the South-Eastem at Apple- 
dore. It will descend from Lydd at an inclination of 1 in 70, 
the distance of 3J miles to the point of Dungeness, where the 
level of the rails will he 240 ft. below the level of low-water 
spring-tides. The rails would then rise from Dungeness shaft 
at the rate of 1 in 3795 for about 7 miles, and then fall at the 
rate of 1 in 1200 for about 8 miles, to the centre shaft on the 
" Ridge ;" from thence fall at the rate of 1 in 3265 for 11 miles 
to the Cape Grisnez, and then rise at the rate of 1 jn 70 and 1 i 
in 81 to join the Frencli railways, 



4 




ENGLISH AND CONTINENTAL INTEKCOMMTINICATION, 

The height of tlie tunnel will be 30 ft. from the soffit of the 
arch to the centre of the invert, and there will be a clear head- 
way of 20 ft. for the trains ; the space between the rails and the 
invert will be occupied by a sewer, running along the centre 
line of the tunnel, and on each side of it two air tunnels, for 
the purpose of providing ventilation. The width of the tunnel 
will be 25 ft. ; it will be constructed of brickwork and masonry, 
surrounded with concrete, and also a mass of concrete will be 
placed upon the invert surrounding the air and drainage tunnels, 
and forming a bedding for the sleepers of the railway- 
There will be three main shafts of large dimensions. The 
centre shaft on the " Bidge" will be protected by a breakwater, 
formed of rubble and faced with asldar. The other shafts are 
to be effected by means of wrougbt-iron tubular piles from 8 ft. 
to 10 ft. in diameter, the inside strengthened with plates on the 
cellular principle. These piles will be provided with valves to 
regulate the ingress and egress of water during the time of 
sinkiug into position, and when sunk they will be supported by 
proper guy chains and tackle from anchor moorings placed in 
various directions around the piles, every pile forming a shaft of 
sufficient length to reach the entire depth of water and through 
the bed of the Channel down to the level of the tunnel. It is 
intended to weight the lower end of the piles, and to sink them 
into position on the principle of the angler's float. The water 
will then be pumped out by steam power, and the soil be 
brought up from the interior and cast over on the outside, form- 
ing a cone round the pile. Mr. Remington estimates the cost of 
these works at 6,998.200/. 

Maesden. 
JLt. Charles Marsden's scheme, which was brought before 
public notice in April last, consists of a tubular tunnel, made of 
boiler plate, and hai-ing a double skin, on the well-known prin- 
ciple nsed in ship-building, the annulai- space being filled in with 
artificial stone. Mr. Marsden proposes to carry pipes for venti- 
lating the tunnel, as well as pipes for water, sewage, and tele- 
graph wires, at the top of the tunnel. At the bottom runs the 
Ene of road, on which the railway is laid. The ventilating pipes 
are formed with longitudinal slots. Air is to be forced from the 
shore end into these tubes, which will pass through the slots into 
the tunnel, and ventilate it. Mr, Marsden has a special plan 
for jointing the several lengths of the tube. It consists in fitting 
one end of the tube with a series of stepped or curved plates, 
which are secured in place by screws or rivets. The adjoining 
end of the next pipe is fitted with a bulge or socket. Another 
series of plates is employed, one end of which is forced under 
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the open end of the stepped plates. They are prevented from 
falling out by berne guided into position by a number of rings, 
fitted on the end of the pipe. Another ring is employed on the 
outside, to hold the plates. A portion of this ring is looped or 
pocketed, to enable the plates to be placed in position. When 
passed through this looped portion they are made to slide 
round in succession, so as to meet each other, until the whole 
diameter of the pipe end is covered. They are then firmly 
secured in place by keys being diiven in between them and the 
ring. The loop is then fillecl in with a wedge-piece, and thus 
the whole joint is made sound, flexible, and tight. The joint 
being flexible admits of its adapting itself to the general contour 
of the bed of the Channel, and folioiving any undulation caused 
by a settlement of the soiL 

It is proposed to lay this tunnel in the following manner : — A 
cutting is first to be made on land about two or thi-ee miles in 
length, gradually descending to a point where the water is about 
ten fathoms deep. A sea wall is to be built about 50 ft. from 
the water's edge. A portion of a cylinder is to be built in the 
wall and made water-tight, and the sea is then to be allowed to 
flow up to the wall, so that the next cylinder can be floated and 

f>laced in a proper line. The same with the next, and bo on, 
owering them from a raft which they will form. Mr. Macsden 
proposes that divers should cut through moderately high pro- 
jections in the Channel bed, and also the levels, mfddng a 
trough, into which would be lowered clay, the divers puddUng 
the same, and thus forming a bed for tubes to rest upon. The 
cylinders can be made on the coast, and, when finished, have 
their ends stopped and be towed to the spot required, half filled 
with the artificial stone composition. Four or six of the tabes 
can be used to form a raft or stage to carty the machinery for 
lowering and fixing the tube in place, and afterwards can be 
used on the land end to finish the connexion on shore. By tliis 
means Mr. Marsden estimates a working tunnel could be com- 
pleted in about four years, without the danger of its being 
flooded. The heading at each end is to be made in three or 
more pai'ts, and well secured with india-rubber, or other packing, 
and screw bolts. The heading, after two or three cylinders are 
fixed together from the outside, is to be removed from the insid^ 
making an entrance from the shore end into the next tube, ana 
so on throughout. The double cylinder is braced to keep the 
inner from the outer. The space between the two, which is 
5 ft. or 6 ft., is to be filled with tarred granite and asphalte, which 
will form a perfect wall. As Mr. ftlarsden considers it impo»- 
sible to have a ventilating shaft in the Channel, he proposes to 
have machinery on each shore to abstract the vapours fromj 
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aiid also to force air into, the tunnel. Mr. Marsden's estimate 
for a tunnel between England and France on his principle Jn 

12,260,000/. 

Bateman. ' ■'■ 

The uncertainty of the strata in the bed of the Channel and 
the risks of tunnelling under the sea have led Mr, J. F. Bate- 
man, in conjunction with M. Julian J. Efevy, an Austrian 
eng^eer, to propose a cast-iron tube for carrying a railway 
across the Channel, The distance to be crossed, and the cost to be 
incurred, undoubtedly require that the mode to he adopted shall 
be absolutely free from serious doubt and risk, and shall be 
as evidently capable of accomplishment as the most ordinary 
mechanical operation. Some degree of uncertainty must exist 
in every- contrivance and speculation ; but unless a scheme can 
be proposed which will be free from all doubt and objection, so 
far as human knowledge and foresight can extend, it will hardly 
deserve, and will probably not receive, the support of the public. 
The various proposals for constructing submarine tubes have 
been carefully studied by Mr. Bateman and M. R^vy, who have 
come to the conclusion that none of them are free from seriona 
objections, both on the score of difficulty of construction and the 
dangers which would attend the operations as proposed. Their 
object, therefore, has been to devise a sclieme oy which all dif- 
ficulties of operating in water should be avoided. 

They propose to lay a tube of cast iron on the bottom of the 
sea, between coast and coast, to be commenced on one side of the 
Channel, and to be built up within the inside of a horizontal 
cylinder or chamber, which shall be constantly pushed forward 
as the building of the tube proceeds. The chamber within wliieh 
the tube is to be constructed will be about 80 ft, in length, 18 ft. 
internal diameter, and composed of cast-iron rings 8 in. thick, 
securely bolted together. The interior of the bell will be bored 
out to a true cylindrical surface like the inside of a steam 
cylinder. The tube to be constructed within it will consist of 
cast-iron plates in segments 4 in. in thickness, connected by 
flanges, bolted together inside the tube,' leaving a clear diameter 
of 13 ft. when finished. Surrounding this tube, and forming 
part of it, will be constructed annular discs or diaphragms, the 
outside circumference of which will accurately fit the interior of 
the bell. These diaphragms will be furnished with arrange- 
ments for making perfectly water-tight joints for the purpose of 
excluding sea water and securing a dry chamber, within which 
the various operations for building up the tube, and for presdng 
forward the bell as each ring of the tube ia added, will be per- 
formed. There will always be three and generally four of these 
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■water joints contained within the bell. A clear space 
the end of the tube and the end or projecting part of tt 
36 ft. will be left as a chamber for the various operations. Within 
this chamber powerful hydraulic presses, using the built and 
completed portion of the tube as a fulcrum, will, as each ring 
is completed, push forward the bell to a sufficient distance to 
admit the addition of another ring to the tube. The bell will 
slide over the water-tight joints described, one of which will be 
left behind as the bell is projected forward, leaving three always 
in operation against the sea. 

Tne weight of the bell and the machinery within it will be a 
little in excess of the weight of water displaced, and, therefore, 
the only resistance to ho overcome by the hydraulic presses when 
pushing forward the bell is the friction due to the shght dif- 
ference in weight and the head or column of water pressing upon 
the sectional area of the bell against its forward motion. In 
like manner, the specific gravity of the tube will be a little in 
excess of the weight of water which it displaces ; and in order to 
obtain a firm footing on the bottom of the sea, the tube will be 
weighted by a lining of brick in cement, and for further protec- 
tion will be tied to the ground by screw piles, which will pass 
through stuffing boxes in the bottom of the tube. These piles 
will, during the construction of the tube within the bell chambeifj 
be introduced in tlie annular space between the outside of the 
tube and the inside of the bell, and will be screwed into the 
gi-ound as they are left behind by the progression of the bell. 
The hydraulic presses and the other hydraulic machinery, which 
will be employed for lifting and fixing the various segments of 
the tube, will be supplied with the power required for working 
them from accumulators on shore, on Hir William Armstrong s 
system, and the supply of fresh air required for the sustenance 
of the workmen employed within the bell and within the tube 
will be insured also, by steam power on shore. As the tube is 
completed, the rails will be laid within it for the trains or 
waggons to be employed in bringing up segments of the rings 
as they may be required for the construction of the tube, and 
for taking back the waste water from the hydraulic preasesj or 
any water from leaka^ during the construction. 

The tube will be formed of rings of 10 ft. in length, each 
ring consisting of six segments, all precisely alike, turned and 
faced at the flanges or joints, and fitted together on shore pre* 
viously to being taken into the bell, so that on their arrival tbei 
segments may, with certainty and precision, be attached to eadini 
other. Every detail of construction has been designed, and, 
far as the authors of this project can see, no contingency L 
been left unprovided for. The possibility of injury by anch< 
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or wrecks, or submarine currents, has also been investigated. 
The tube when laid will be secured from all dangers arising 
from such causes, 

The building of the tube will be commenced on dry land 
above the level of the aea, and will be gradually submerged as 
the tube lengthens. The operations ou dry land will be attended 
with more difficulty than those under water, but all these cir- 
cumstances have been carefully considered and provided for. 
The rings forming the tube will be made by special machinery, 
to be expressly constructed for facilitating the work and econo- 
mising the cost. This machinery is all designed and specified. 
The first half-mile will test the feasibility of construction, for 
that will have to be built both above and under water. When 
once fairly under water, the progress should be rapid, and it is 
estimated that the whole undertaking may be easily completed 
in five yeara from the commencement, 

The precise Ihie to be taken betwixt the English and French 
coasts can hardly be determined ivithout a more minute survey 
of the bottom of the Channel than at present exists. It will 
probably be between a point in close proximity to Dover on the 
English coast, and a point in close proximity to Cape Grisnez on 
the French coast. From an examinatiou of the Admiralty 
charts, and of such information as at present exists, the sea b^ 
on this line appears to be the most uniform and level, and, while 
free from hard rocks and broken ground, to consist of coarse 
sand, gravel, and clay. The average depth of water is about 
110 ft., the maximum about 200 ft. On the line suggested, the 
water increases in depth on both sides of the Channel more 
rapidly than elsewhere, although in no instance will the gradient 
be mora than about 1 in 100. The tube, when completed, wilt 
occupy about 16 ft. in depth above the present bottom of the 
sea. Up to the point ou each shore at which the depth of 
water above the top of the tube would reach (say) 30 ft. at low 
water, an open pier or other protection would have to be con- 
structed, for the purpose of pointing out its position, and of 
Ereventing vessels striking against the tube. These piers may 
B rendered subservient to harbour improvements. The tuba 
at each end would gradually emerge from the water, and on 
arriving above the level of the sea would be connected with 
the existing railway systems, so that the same carriage may 
travel all the way from London to Paris. 

The distance across the Channel on the line chosen is about 
twenty-two miles. The tube as proposed is large enough for the 
passage of carriages of the present ordinary construction, and to 
avoid the objections to the use of locomotives in a tube of so 
great a length, and the nuisance which would be thereby created, 
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and takinc advantage of the perfect circular Jorm whicli the 
mechanical operation of turning, facing, &c., will insure, it is 
proposed to work the traffic by pneumatic pressure. The air 
wiir be exhausted on one side of the train and forced in on the 
other, and so the required difference of pressure will be given 
for carrying the ti-ain through at any determined speed. 
Powerful steam-engines, with the necessary apparatus for ex- 
hausting and forcing the air into the tube, will be erected on 
shore at each end ; and supposing one tube only to exist, the 
traffic will be worked alternately in each direction. This system 
of working the traffic will secure a constant supply of the purest 
air, which will accompany everv train. 

The estimated cost of the wnole undertaking, including the 
stations and approaches at each end, the engine power and 
machinery, the interest of outlay during construction, and engi- 
neering superintendence, with a large margin for contingencies, 
is 8,000,000/. 

Gbantham. 

Mr. John Grantham's proposition for improving the commu- 
nication between England and France is to turn the present 
system to account, and to make an efficient means of transit 
whilst the more elaborate schemes are heing perfected and 
rendered practical. Mr. Grantham proposes steam - ships 
400 ft. long, 45 ft. beam, and 600 nominal horse power, to be 
built of steel, and to draw 6 ft. 6 in. water, and to steer from 
either end, to avoid the necessity of turning. The lower part of 
the ship is to be cellular, bo as to avoid the danger of sinking 
if injured by a collision, and to add to her strength. This 
cellular portion is 6 ft. in depth ; over it would be the main 
saloons, these to be 10 ft. in height, and provided with ample 
accommodation for reclining in bad weather ; good refreshment 
tables also would be provided with light and air to avoid that 
gloom and closeuess so painful to landsmen when on board ship. 
Between the paddle-boxes would be a promenade deck lOO'ft. 
long, on the extremities of which would be tlie houses from 
which the vessel would be steered. To strengthen her amid- 
ships, with the least amount of weight, there would be provided 
four open longitudinal girders, about 250 ft. long, so arranged 
8 to cause very little obstruction on the ship, and longitudinal 
Ikheads, about 90 ft, long, would run through the engine 
apartment. In addition to these precautions, the plates of 
asides would be extended up, and form the inner side of the 
;, drawn oft towards the ends at the same angle as the 
■ders. 
nr to facilitate the tnmsfer of passengers and luggage 
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from the piers to ths ship, wide and ample means are provided, 
at three different elevations, to receive the stages from the shore. 
The lowest of these is on the level of the main deck ; the next is 
on the level of the promenade deck, and the upper one ia on the 
paddle-boxes or on the captain's platform ; so that, whatever 
should be the state of the tide, the stages may rest on the top of 
the piers, and be nearly level. On the piers are to be erected 
slie^, under which the trains are to run, as in ordinary railway 
stations, to be well inclosed and lighted, so that but little delay 
or discomfort would arise. The staircases leading from the 
promenade platform to the deck should be easy, wide, well- 
lighted, and sheltered. The great bulk of the luggage would be 
stowed in trucks, the bodies of which would be hoisted by 
hydraulic cranes on to the deck, and again lifted off on the 
other aide, and placed on wheels provided for them. In all this 
there is no novelty introduced ; all that is proposed may be seen 
in operation in other places. The only question that can be 
raised is as to the facitily of working a I'essel, such as is here 
described, in and out of the hai'boura. For experience in this, 
Mr. Grantham refers to the American steamers, which are 
managed witli wonderful precision. These vessels have, in some 
instances, exceeded 400 ft. in length. Those on the rivers draw 
5 ft. and 6 ft. of water, and those which put to sea vary from 
7 ft. to 10 ft. ; but all are of immense height out of water, the 
wheel-houses of some being upwards of 40 ft. above the water- 
Une. Mr. Grantham's vessel, though drawing only 6 ft. 6 in., 
will not exceed 15 ft. above the water-lines at the ends. Long 
vesaelg steer much more steadily in heavy weather than short 
ones, and will, therefore, enter such harbours as Calais or 
Boulogne with more safety than the present vessels, and, when 
fairly entered, there is time to bring them to a standstill before 
reacning their berths, 

Mr. Grantham gives the following reasons for not adopting a 
vessel in which the trains should be carried bodily, across ; — 
First, there is the necessity of placing the vessel in a position of 
perfect stillness before taking the trains on or off the ship. This 
involves new harbours on each aide, with dock gates and break- 
waters to protect them. Second, the large ships necessary to 
carry the trains will take a long time in bad weather before they 
can DC placed in position and the gates closed. Third, very few 
persona would remain in the carriages when being put on hoard, 
and, in the event of sea-sickness, they could not oe allowed to 
ram^n, so that the passengers must have time to leave the 
carriages and walk on noard. Lastly, the large outlay in forming 
tlie harbours, appliances for shipping the trains, and the extra 
cost of the ships, together with the heavy cost of working them. 
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BOUTET. 

The great bridge scheme for connecting the two shores, which 
is at the present time attracting a large amount of attention, 
both in England and France — especially in the latter countiy — 
is the project of M. Charles Boutet, Tliis gentleman, who is a 
French engineer, has been engaged during the past ten years in 
maturing Jiis plans and conatructing models in order to satia^ 
himself of the correctness of the principles he has enunciateo. 
M. Boutet selects a point on the Dover Hills, near the Shak- 
speare Cliff, for the commencement of his International Bridge, 
which is to touch the coast of France at Blanc Nez, a short 
distance from Calais, at which place the cliffs are about the same 
height as those on the English coast. These cliffs, at either 
extremity rising nearly 400 ft. above the level of the sea, serve 
aa abutments for the proi>03ed viaduct. To protect them a^inst 
the destructive action of rain, winds, and frost, they will be 
faced with a solid construction of dressed stone. The project 
depends in effect on two remarkable innovations in the con- 
struction and establishment of the piers — of which there will be 
twenty-nine — and girders. In addition to the considerable 
height to whicli the former rise above the water (120 yards), 
the bases of ttie piers are sunk to the bottom at a depth varying 
from 28 yards to 52 yards. The centre pier will be half as 
large again as the others. All the pieces composuig the work 
are of cast iron, 

As such ponderous piors could not he erected by the ordi- 
nary means, M. Boutet proposes to construct on the shore their 
lower parts or bases to a height sufficient to rise 10 yards above 
high water, and as soon as the iron skeleton is put together 
and bolted, a number of large sheet-iron buoys are distributed 
about the surface of the base. At low water the metallic 
framework thus prepared is made to slide upon the shore to 
low-water mark. The tide in rising raises this raft or base of 
iron lightened by the buoys, and floats it. A tug steamer 
then removes it to its place, previously indicated by one of a 
lino of buoya attached to an iron cable stretched aci-osa the 
Straits at a depth of 18 yards. By raising one of the buoya 
attached to the raft it is made to descend very slowly, the top 
being just above the level of the sea, when the base touches 
the bottom. It is foreseen that it may become necessary 
to rectify its position, and a. strong metal screw is therefore 
placed in the interior of each pier, extending from base to 
summit, to which is attached a large buoy, which can thus be 
moved from the ton to the bottom, or vice versa. The buoy 
tutbing the equilibrium renders the specific weight of the 
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pile heavier or lighter than the displaced water, and the whole 
structure when floated to its place can be sunk without the 
least shock. It is manceuvred like a ship, and its position is 
verified by a special glass, invented by M. Eoutet, to be placed 
on the cliffs. The base of the pier is provided with large 
screws, or spiral feet, which, on being turned, bind it firnilj 
to the solid bed of the sea, and serve to establish the level if 
necessary. Such is the method of moving and fismg the 
enormous bases of the piers, the component parts of which it 
would otherwise be extremely difficult to unite under water. 
The conBtniction of the upper portion of the pier above the 
sea is effected piece by piece. Thus are avoided all the pre- 
liminary works under water, which constitute the greatest 
difficulty in the way of a bridge across the Channel. 

Next, with regard to the superstructure, M. Boutet has hit 
upon a plan whereby the difficulties of transport, &c., are over- 
come. He constructs rigid beams endowed with great powers of 
resistance of a weight relatively very small, and capable of being 
placed in position piece by piece, by the aid of a system or 
scaffolding constructed as foUows : — -Between the abutment on 
the shore and the first large pier, three temporary piers are 
placed at equal distances. This done, there are stretched in 
parallel lines a number of wire cables 2 metres (i.e., 2 yards G in.) 
apart. They are connected and bound together hy ties made of 
smaller cables, which interlace the large ones and hold each in 
its place. The whole forms a truss of 63 yards wide. The 
truss thus made is covered by a wooden flooring, a gOard is iixed 
on each side, and there is at once obtained a ser\'ice bridge upon 
which scaffolding is erected to support the roadway of the bridge 
during its construction, the scaffolding being always at a sufficient 
height above the sea to allow the largest vessels to pass under 
it. Under such scaffolding are supported the wii'e cables 
forming the roadwavof the bridge — eacn of which is strained as 
nearly to a right line as possible, after which smaUer cables 
are interwoven, bracing together the main cables aud holding 
them firmly in their places. Each cable is composed of eight 
iron wires parallel to each other and bound together at inter- 
vals with strong wire collars. The straining of the large 
cables is to be managed by means of weights, which are removed 
after the proper degree of tension has been attained and the 
cables fastened down to the tops of the piers. For example, we 
will assume the cable to be fixed at the abutment and laid loosely 
over the other piers, the weight would then be appUed to the 
length of cable between the first and second piers. This would 
bring the length between the abutment and the first pier taut, 
and it would be made fast to the first pier. The weight wonld 
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then be removed to tlie cable between the second and third piers, 
and the process would be repeated until every span of cable was 
stretched to its proper limit. The cables are carried without a 
break over the tops of the piers ; each cable, therefore, will be 
twenty-one miles long. Above and below these cables are fastened 
beams of timber, over which the permanent way will be fixedi. 
The author la informed that Mr. Ordish has pronounced that 
portion of the scheme relating to the piers to be practicable, and 
the method of floating the bases exceedingly ingenious. Another 
eminent engineer, the chief of our lea^g railways, but whose 
name the author is not at liberty to mention, has examined M. 
Bontet's plans for the superstructure, and states that the scheme 
is perfectly feasible. He, however, sees a difficulty about the 
piers, but, as we have it on the authority of Mr, Ordish that the 
piers are practicable, we may conclude the whole structure to be 
so. The bridge is estimated to cost 8,000,000/., and to occupy 
three years in completing. It is stated that experiments in 
progress give reason to expect that this estimate will not be 
exceeded. 

The carrying out of M, Boutet's principle by the construc- 



tion of bridges generally on a smaller scale than would be 
required for the Channel, appears to be now imminent. The 
autlior understands that two small bridges have already been 
constructed, one for the College at Verviers and oue at Senlis. 
A company has been formed in Paris, and the Emperor has 
directed a bridge to be constructed across the Seine, the first 
cable for which is already made. A span of half a mile at St. 
Malo is to be bridged upon the same principle. It would be 
premature to discuss the scientific details of M. Boutet's project, 
as they are not yet made public, and, indeed, cannot be deter- 
mined until the result of some experiments in Paris, and which 
are now pending, are made known. The arrangements for these 
experiments are now nearly completed, and it is proposed that 
they shall be attended by the principal engineers in France and 
England, to whom invitations are to be sent. We may, there- 
fore, conclude that its merits and demerits will then be investi- 
gated, and the practicability of the scheme thoroughly ven- 
tilated. 

A preliminary meeting of the Channel Bridge Company was 
recently held in Paris, when several models of bridges upon M. 
Boutet s system were exiiibited. One model in particular illus- 
trated the principle of the proposed Channel Bridge. It consists 
of one span, anu is constructed upon a scale of l-50th of the 
1(1 international bridge, and is formed of 21 small cables, 
imetres in diameter, bound together at intervals by ties 
,t angles, wliich have the effect of keeping the larger 
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cables separate, and at the same time preserving them in their 
relative positions. The whole forms an open truss, whiph is 
bolted between planks of wood, thus securing perfect rigidity, 
which is further increased by the balustrades. It is reported 
that the weight of forty persons stamping together on this model 
failed to produce any sensible deflection. It is estimated that it 
would require a weight of over 50,000 kilogrammes to break it. 
This model rests on abutments which have been roughly hewn 
in logs of somewhat decayed timber ; this is a convincing proof 
that the abntments are not subjected to any strain. 

COLBURN. 

Mr. Zerah Colbum has recently proposed a novel method of 
facilitating the laying of a tube across the bed of the Channel. 
He has worked out all the details, but inasmuch as the idea 
forms the subject of a pending patent, only a general outline of 
the proposition can be given. He proposes to construct a dry 
dock on the coast at the point where the tube is to be carried 
across. This dock is to be of any reasonable length, from a 
a thousand feet to a mile, and only a few feet wider than the 
outer diameter of the tube. The sections of the tube are to be 
united together in this dock, tlie seaward end being fitted with 
a watey-tight "bulkhead andprojecting through a water-tight 
opening ih the dock gates. When a length of (say) a thousand 
feet of tubing was ready, the rear end would be fitted with a 
bulkhead, the water admitted into the dock, and the tube slowly 
towed or floated out until the last section reached the dock gates, 
The gates would then be closed, the water pumped out, and the 
work proceeded mth as before. The specific eKi\-ity of the tube 
is to be such as that it shall just sink to the bottom, and each 
time it is drawn out it is to be slightly raised off the bottom by 
a system of buoyage, which is also to assist the flotation of the 
tube as it progresses in its gradual passage across the Channel. 
On reaching the opposite shore, the tube, after being made secure, 
is to be lined with brick in cement, and rails laid, and in other 
respects the work is to be completed, 

Parsons. 

A pontoon vessel, of shallow draft, for the Channel passage, 
has recently been pi'oposed by Mr, J. H. Parsons. He connects 
four pontoons together by cross girders, leaving a waterway 
between the pontoons for the paddles, of which there are to be 
six — throe forwai-d and three aft. The boilers, coal bunkers, 
&c,, are to bo placed in the centre of the vessel, and the engines 
at each end. In the deck arrangements, the idea is to have a 
h2 
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sleeping and a general saloon, separate from each other. A 
clear passage is to be left from stem to stem for working the 
vessel and for a promenade for passengers. This vessel, it is 
contended, would he rendered independent of the tide in crossing 
the bar at Boulogne, and would make the service direct, instead 
of tidal, as at present. The author believes that Mr. W. Bridges 
Adams has also proposed a somewhat similar vessel to that of 
Mr. Parsons. 
I Waking. 

I The present paper would be incomplete — as far as the authoi^s 
knowledge extenas — ^were he to omit to mention a proposition 
by Messrs. Waring to effect the Channel passage. But what 
that proposition is the author cannot say, as, on inqoiiy at Messrs. 
Warmg's office, the representative of that firm could only say 
that they " had a concession." What that concession was for, 
whether for a tunnel, a tube, a ferry, an embankment, a bridge, 
or an overhead railway, the author cannot say, inasmuch as, to 
the author's inquiries on this point, the gentleman alluded to was 
specially reticent and painfully mysterious. The only subse- 
quent light thrown upon the subject is a paragraph in a Dover 
paper to the following effect :— " We hear from good authority 
that a ' committee for the defence of the Channel ports' has 
been formed at Cahus, Boulogne, and Havre, to oppose the 
project attributed to Messrs. Waring, the English contractors, of 
constructing a more convenient port neai' Cape Grisnez, which 
is certainly a very illiberal piece of obstractiveness." That the 
scheme is one of larger vessels and increased port accommodation 
appears from a statement of the Paris correspondent of the 
Morning Poit of the 12th inst., and who writes thus: "We are 
again talking about a bridge over the Channel \ the subject is 
sure to crop up periodically. If it is not a bridge it is a tunnel, 
and whether one or the other, or the proposed comfortable large 
boats of the Messrs. Waring, every traveller, even the non-sea- 
sick, wish the project success." 

As an embankment has been proposed as a means of facili- 
tating the means of communication between London and the 
Continent, it may here be briefly referred to. An embankment, 
however, appears to he about the worst possible solution to the 
I problem, firstly, because of the difficulty of carrying it out, and, 
L secondly, because of the tremendous loss of property that it 
I would cause. In other words, it would be very difficult to find 
I the pecuniary means, and the project woidd encounter the most 
r formidable opposition from the neighbouring populations of the 
\ F id English coasts. This would arise from the damage 
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gate. Deal, Dover, Calais, Boulogne, &c. Besides, the 

of this scheme would be puzzlea to find the necessary 
of soil, making a liberal allowance for the slopes, which might 
be washed away a dozen tim.e8 before they could settle down and 
acquire cohesion and stability, 

Mr. W. H. Barlow has proposed a submerged bridge, bat the 
particulars of this scheme have not come under the author's 
notice. 

Mr. Charles Boyd proposes a marine viaduct from Dover to 
Cape Grisnez, constructed with iron girders on 190 towers, 
500 ft. apart, and 500 ft. above the sea, and he estimates the 
coat of such a bridge at 30,000,000^. 

Mr. Hawkins Simpson has addressed the Board of Trade on 
the subject of workmg a aubmaiine tunuel on a pneumatic 
system, which he has termed his " Eolian system," for which he 
claims cheapness, expedition, superior ventilation, and greater 
utility. 

Mr. Alexander Vacherot has a scheme, on which he has been 
eng^ed several years, and which he laid before the Emperor of 
the French in 1856, for laying on the bed of the sea a tunnel 
made or formed of concrete, so as to form, when completed, a 
monolith. He would construct it on the shore, and di-awit dowa 
to its place in seetious. And he considers that greater economy 
and security might thus be obtained than by the other metho(& 
that have been proposed. 

Estimates. 
It is of coiu'se taken for granted that the adoption of either 
tunnel, tube, or bridge, would prove a success commercially. 
But as this is au iuiportant point, and one upon the proof of 
which any project must be dependent, it may be as well to state 
a few facts in support of the argument that such an undertaking 
will pay. It, however, needs not that very much be said upon 
this point, for as soon as England is directly united with the 
European continent, practical advantages of incalculable value 
will result. The resources of each country, and mutual exchange 
of produce, will be developed to a degree of which it is impos- 
sible to form anything hke a correct idea. Mr. Chalmers went 
very carefully into the subject of the probable revenue to be 
derived from the establishment of a Channel railway. Writing 
in 1867, and referring to his estimate, he says : " I published 
these figures in a brief prospectus of this project five years ago ; 
and I see no reason to alter them now, unless to increase them. 
After I adopted them I became acquainted with the work c 
M. de Gamond, and on comparing figures, found a wonde):fqI 
coincidence in the items of freight and passengers, 
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£ a. d. 
His being . . 1,041,666 13 4 
Andmine . . 1,049,375 
He seenia to have overlooked the mails" as a source of 1 
revenue ; his figures were compiled in 1856, and based on the I 
actual buisiness then done between England and the Continent; 
and as he could not have foreseen the impetus that has since | 
been given to traffic between England and France by the recent 
Treaty of Commerce, and by the change in the passport system, 
his figures are more sanguine than mine, compiled in 1861, after | 
these important changes had actually taken place." 

Mr. Chalmers estimates the probable revenue as follows ;— 



2500 tons freight daily, or 912,500 per £ s. 

annum at 12s. Gd 570,312 10 

1500 passengers daily each way, or 

1,095,000 per annum at 83. i)d. . 479,062 10 
Mails, express freight, coin and buUion, 

extra baggage, &c. (say) . . . 250,645 



Total annual revenue . . 1,300,000 



These figures, he observes, may appear too high to those who 
have overlooked the affinity between improved meana of transit 
and the increase of traffic resulting therefrom. In the infancy 
of railway enterprise, the anticipated traffic on a given line was 
based upon the business done by the stage-coaches and waggons 
of the (fay. It needs not that we compare the anticipated with 
the actual railway traffic, but we should bear m mind that our 
experience in that case did not prevent our falling into a similar 
error in the case of ocean steamers, though fleet after fleet of 
these vessels have taken their places on the ocean, each creating 
for itself a trade where none such existed before. Between 
1820 and 1830, in the good old times of sailing packets, the 
number of travellers between England and the Continent did not 
exceed 80,000 per annum. The estabHsbing of a regular steam- 
boat service raised the number in twelve years to 350,000 ; and 
since the introduction of railways, it has risen to upwards of a 
milhon. This great increase is not to bo attributed to the 
increase of tlie populations, but mainly to these improvements ; 
and the effects that would result from the completion of any 
work connecting England with the Continent would be even 
greater than were produced by those two intportant revolutions 
in locomotion, which respectively raised the figures from 80,000 
to 350,000, and from the latter to upwards of a million. 

* Mr. Clialmere and M. de Gamond have both omitted the 
woold now be detivable from the electric telegraph companies. 
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lu confirmation of these views we find Captain Tyler stating, 
in a recent report upon tlie improvement of the means of com- 
munication between England and Fra,nce, that, omitting from 
consideration the ports of Hamburg, Rotterdam, Antwerp, and 
Ostend, the passenger traiSc between England and France for 
the year 1868 amoimted to 309,479 altogether; 141,633 pas- 
sengers having travelled by Calais, 109,006 by Boulogne, 41,371 
by Dieppe, and 17,4ti9 by Havre. A large proportion of these, 
namely, 4(),411, crossed the Channel in the month of August, as 
against 12,946 in January, and 13,514 in February, In the 
year 1867, of the Paris Exhibition, the numbers were 454,350 
altogether; 199,837 having travelled by Calais, 146,226 by 
Boulogne, 86,914 by Dieppe, and 21,373 by Havre. Of these, 
84,684 crossed in August, against 13,163 in January, and 13,721 
in February. Captmn Tyler observes that in addition to tbe 
ordinary annual increase, which is considerable, there would 
naturally bo a very large augmentation in tliese numbers if 
better arrangements were made for crossing the Channel. 

Conclusion. 

We have definitively before us tlii-ee propositions for effecting 
the desired communication by means of an excavated tumiei, 
three for laying a tube on the bed of the Channel, three for im- 
proved steam- vessel 3, and one for a bridge, besides several other 
propositions of minor importance and questionable practicability. 
Of all these projects unaoubtedly those which have of late made 
the greatest progress are the bridge scheme of M. Boutet, and tbe 
tunnel scheme of Messrs. Hawkshaw, Brunleea, and Low. The 
documents relating to this latter scheme are now before the 
Board of Trade. The results of the deliberations of a French 
commission appointed by the Emperor to inquire into the 
scheme are, on the whole, favourable as regards the geological 
and engineering features of the project. In this schema it is 
proposed to commence by driving preliminary driftways through 
the grey chalk, at a great depth below the bed of the Channel, 
between a point near Dover and another pomt near Calais. It is 
conceived that this material would be easily cut through, and 
would not be likely to present insuperable difficulties from 
tbe influx of water. Mr. Remington, as we have already seen, 
selects the line from Dungeness to Cape Grisnez, in order to 
avoid the chalk and the fissures which he fears to encounter in 
it, and to work in the Wealden formation, which would, he 
beheves, afford a ^eater chance of success. 

Turning to M. Boutet's bridge scheme we find that an asso- 
ciation has been formed for making experiments, two small 
bridges have been built in France, and aiTangements are made, 
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near St. Malo, for a third, whilst a fourth is to be constructed ' 
over the Seine. The great features of the bridge are that it 
would be less costly thao a tunnel ; will occupy less time in con- 
struction ; will give no trouble in ventilation ; and will avoid the 
danger of sudden inundations. As to its merits in an en^fineer- 
ing point of view, we may hope shortly to be satisfied by practical 
demonstration. 

lioobing broadly at the schemes which present the most 
reasonable features, and irrespective of their engineering merits 
in detail it appears to the author that, of the tunne! schemes, 
that of Mr. Remington for driving through the Wealden for- 
mation would be attended with less danger than that of Mr. 
Hawkshaw, which it is proposed to carry through the chalk. Of 
the methods of connecting the two shores by tunes along the bed 
of the Channel, that of Mj". Bateman certainly appears the moat 
practicable. If these tubes could be constructed in a dry dock 
and drawn gradually over upon Mr. Colbum's method, it would 
be a very summary method of settling the question, as Mr. 
Colbum assures the author he could effect the connexion in 
three months, although, he admits, at a great cost. But, both in 
subterraneous and subaqueous works, there is an admitted 
possible risk. In the fonner, there is the contingency of flood- 
ing from the nature of the soil, whilst, in the latter, some of the 
operations would be dependent on comparatively delicate arrange- 
ments. The bridge scheme has also its perils of storms and 
tempests, but there appears to be a possibihty of guarding against 
the consequences of these more readily than agamst the insidious 
advances of a great head of water, ^he bridge scheme, tot^ as 
has already been observed, has had its substructure approved by- 
one independent engineer, and its superstructure by another. 
As far, then, as we have at present advanced, the bridge scheme 
appears to present the most reasonable chance of success. But 
either a tunnel, a tube, or a bridge would be the work of perhaps 
eight or ten years, for the author does not tliink the various 
projectors have allowed sufficient time for the contingencies that 
would arise in the coui'se of carrying out works of such an un- 
paralleled magnitude. We must, therefore, turn to some plan 
by which the existing requirements of the travelling public can | 
be promptly and inexpensively met. ^ | 

Captain Tyler, K.E., haa examined the English and French 
coasts and investigated the various projects, and has reported to 
the Board of Trade thereon. Referring to Mr. Fowler's plan 
for improved steam-vessels and harbour accommodation, Captain 
Tyler observes that the project would require some modifications 
in detail, and that it is a question whether it would be worth i 
while to ferry the railway carriages as well as the passengers 1 
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1 the Channel. But the main features, of an improved 
harbour at Dover and a new harbour south of Cape Grisnez, are 
sound, if means can be found for meeting so great an expense. 

With regard to Mr. Grantham's proposition to utihse the 
existing harbours by vessels of light draft, Captain Tyler states 
that it is asserted by some of the officers engaged in the per- 
formance of these services that vessels of the class now employed 
are, 'upon the whole, the safest that could be devised for the 
particular duties required of them. It is argued that the sea- 
passage, in which greater length and size might lead to bicreased 
comfort, is comparatively short, while the entrance of the French 
harbours, by day and night, in certain states of the weather, 
which is already the more difficult and dangerous part of the 
service, would be attended with still greater disadvantages. The 
existing vessels are fitted to encounter any weather with which 
they can meet in the Channel, and are handy for entering the 
harnours, while longer vessels would be exposed to increased risk 
at the moment of entering the harbours. The bow of a long 
vessel getting under the shelter of one pier, and a heavy sea 
striking her on the quarter, she might be driven against the 
other pier. There is, no doubt, much truth in this argument. 
Such a risk must increase in proportion to tlie length of a vessel, 
to the narrowness of the entrance to a harboiu', to the exposed 
position of its entrance as regards winds and currents, and to 
any necessity which may exist for reducing the speed before 
entering it. Having regard to the existing state of the French 
harbours, the employment of longer vessels would, for this 
reason, be attended in bad weather vrith greater danger. But 
the argnment would no longer apply if the service were per- 
formed from a convenient and well constructed pier on the one 
side, to a similar pier on the other side of the Channel, The longer 
and lai'ger vessels, having increased proportional power, with 
disconnected engines, so as to be able to use either paddle at 
pleasure, could be under no disadvantage in approaching the 
lee side of a pier. The above argument, therefore, tells in 
favour of the construction of an extended pier at Boulogne, as 
proposed some time since by Mr. Brunlees to be used on the 
French, in combuiation with the pier at Dover on the English 
coast, for an improved Channel service. 

The matter, then, in general terms stands thus ; The steam 
packet service between England and France is greatly in need 
of improvement. This service is important in its character, and 
the existing steamers, restricted as to their dimensions for want 
of better pier and harbour accommodation, are not proportionate 
to the importance of the service. Larger vessels, with less 
movement in rough weather, more shelter, and better accojn- 
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modstka (^erftlly, wonld do mach to mitigate the discomforts 
of tbe sea passage; and even contemplating the successful 
issue of a tunnel or bridge project, tJiese improvements are 
much required, and should be effected in the mean time. But 
larger veHsels cannot be employed for a fixed service until better 
provision is made for embarking and disembarking passengers, 
especially on the French coast. The pier at Dover is not only 
ready, but has frequently been used for military transport- 
vessels of the largest size, though certain improvements are 
required in the jetties for greater convenience in embarkation 
and disembarkation. The difficulties in the way of fitting tli« 
harbour of Calais for the reception at all times of larger vessels 
are great, but by a judicious extension of tbe west pier at 
Boulogne, similar accommodation might be provided on the 
French side. Captaio Tj-ler estimates that at a cost of about 
100,000/. at Dover, and 500,000/. at Boulogne, tbe desired 
object might, apparently, be attained in the most economical 
and most expeditious manner. By the adoption of steamers 
capable of moving with equal facility in either direction, the 
difficulties incidental to turning round in small harbours may 
be avoided ; and the existing harbours at Dover and Boulogne 
might, with certain modifications, be made available, to some 
extent, for improved vessels. 

Captain Tyler suggests that the question might thus be tem- 
poranly solved if the two governments were not prepared to carry 
out a larger scheme. It they arc prepared to race a greater 
expense, there is the more extensive project of Mr. Fowler, for 
constructing, at a cost of two millions of money, special harbours 
for special steamers. There can be no doubt that this project 
presents — whether the railway carriages be ferried over or not — 
a more comprehensive mode of dealing with the subject. The re- 
lative distances may be stated to be : Between Dover and Audres- 
sellea, twenW-four, Dover and Calais, twenty-six, and Dover and 
Boulogne, thirty English miles ; while the passage to Boulogne, 
though longer, is admitted to be better than that to C^ais. 
Either by the construction of new harbours at Dover and Au- 
dresselles, at a cost (as estimated by Mr. Fowler) of 2,000,000A, 
inclusive of steamers, or by the improvements above suggested 
at Dover and Boulogne, at a cost of 600,000/., exclusive ot new 
and improved steamers, the imuiediate object should be to provide 
an improved fixed service, irrespective of wind and tide, between 
London and Paris in eight hours. It would appear to be desir- 
able now to refer the whole matter, through the Foreign Office, 
for the consideration of the French Government, with a view, 
perhaps, to the appointment of an International Commission, in 

hich that government would, no doubt, readily acquiesce, and 



k perhaps, 
k tvhich tl 



ENGLISH AND OONTINENTAL INTBBCOMMUNIOATIOfN. 187 

without which the important interests involved could not be 
authoritatively dealt with, nor the general question satisfactorily 
decided. 

Whatever be the plan ultimately decided upon for connecting 
England and France in a direct manner, sucn a plan must have 
the best wishes of those here present this evening, as well as those 
of the whole civilised world. It should not be so much the 
honour of adopting this, that, or the other scheme that should 
influence us, as the reflection that the accomplishment of the 
object will be attended by advantages to the nations of the earth. 
In former times, when Europe was regarded mainly as a theatre 
of war, it was, perhaps, no disadvantage for this country to be 
separated from it. fiut, since the introduction of steam has so 
completely changed the character of marine locomotion, any ad- 
vantage formerly arising in this respect from our insular position 
has been materially diminished, and, in the present day, it is 
continental commerce from which we are separated and not con- 
tinental wars. Such a direct bond of union, then, as is proposed 
would establish on the firmest basis the spirit of amity now sub- 
sisting between England and France. 
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November Ut, 1869. 

F. W. BRYANT, President, in the Chaib. 

ENGLISH AND CONTINENTAL INTERCOM- ' 
MUNICATION. 

DISCUSSION, 

Mr. Nubset said that before the discussion was opened lie. 
wished to offer a few remarks by way of explanation. Hia' 
attention had been drawn to a passage in his paper, referring to 
Mr. Colburn's method of laying tubes to form a tunnel for com- 
mnnicatiDD across the bed of the Channel. In his conclndi^ 
remarks he said, with regard to Mr. Bateman's scheme : — " U 
these tubes could be constructed in a drj' dock and drawn gra- 
dually over upon Mr. Colburn's method, it would he a very 
summary metnod of settling the question, as Mr. Colbnm 
assured the author he could effect the connexion in three 
months, although, he admitted, at a, great cost." It had been 
stated to him (Mr. Nursey) that it might be inferred from this 
passage that Mr. Colbum could commence the work and com- 
plete it ont of hand, tunnel, and everything, in that time. This 
statement he thought it right to say, presupposed the assem- 
blage on the ground of all the materials and all the parts, and 
the construction of a length of dock sufficient to contain 
perhaps a mile of these parts when put together, that the 
operations might be continuous, and that there might be no 
delay whatever in any parts of the work. Therefore, it was 
not the summary process it might appear to be to some casual 
readers without the slight explanation lie had made. 

Mr. W. Wilson said the subject of international communis, 
cation was one to which he had devoted a very large amount 
of attention. He had studied it for some years, and had inves- 
tigated every scheme that had been brought forward. Hia 
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Opinion was that they were all perfectly practicable and feasible, 

Sovided the means for carrying them out were forthcoming, 
e did not, however, heheve that either a tunnel or a, bridge 
could be made commercially successful, as there was not suf- 
ficient traffic existing, or likely to be created, that would ever pay 
a return upon the outlay. In consequence of that he had come 
to the conclusion that there was but one means of meeting the 
requirement, and that was a scheme with which he was asso- 
ciated for providing large and powerful steam feiTy-boats. 
There was no doubt that scheme could be carried out in such 
a manner, and at such a cost as to be a commercial success. The 
steam ferry-boats were perfectly practicable and comparatively 
economical, but among the tunnels or tubes were objections arising 
from international questions. The expenditure of so large a 
sum as ten or twelve miUions, in a matter which might at any 
moment be destroyed or rendered perfectly useless, in case of a 
breach of the peace, was a question for very grave consideration, 
and was an objection applicable to either a bridge or other fixed 
structure. 

Mr. Olrick took objection to Chalmers' tube of boiler plate 
lined with brickwork, as, in the event of an engine leaving the 
rails, or a collision occurring, the iron shell might be damaged, 
and the tunnel filled with water. There was also the liability to 
accident from external corrosion. It was a great question 
whether such a costly undertaking would ever pay. A tunnel 
was better than a tube, but Hawkshaw's scheme was open to 
objection, on account of the fissures to be met with in the chalk 
formation. The only scheme he considered feasible was that 
which proposed improved harbourage and larger steam-boats. 
Boutet^s bridge was deserving of complete condemnation, for it 
was an impossibihty in every respect. 

Sir Thomas Parkyn said with regard to the feasibility of 
the bridge scheme he might mention that he had consulted Mr. 
Ordish, who told him that he not only considered the piers quite 
practicable, as regarded their manufacture, but also that he consi- 
dered the floating them, and the placing them in position in 
the Channel, could be effected. He had taken a great interest in 
the bridge scheme, and believed in the ultimate success of M. 
Boutet. 

Mr. W. Austin stated that lie brought his sclieme for a tunnel 
before the Institution of Civil Engineers thirteen years ago, and 
was then told that he was premature. The public, however, 
were now demanding better accommodation, and engineers 
were studying the best means of giving it. Ferries he con- 
sidered were of no avail, the public were tired of the break of 
route and of the rough passage which the best boats would not 
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alter. The proper sclieme was a tunnel ; the times demanded 
and notliing but an unbroken route would satisfy the public. 
He would suggest the formation of an Intemation^ Committee 
to consider and decide upon the question. There could be no 
fear of his proposed tunnel not proving a commercial success. 

Mr. Cakgill said that the question of intercommunication 
involved the consideration of some of the largest schemes that 
had ever been brought under the notice of the engineers of any 
country. It was not so much on account of the distance, aa the 
nature of that distance, which constituted the great difficulty to 
be surmounted. There were four or five different methods 
proposed to cross the Channel. The only scheme that was 
assumed to be impracticable was the bridge scheme. In looking 
at a scheme embracing many novelties like the bridge, it would 
be well to consider what had already been done. It was acknow- 
ledged that the substructure— the foundation — ^was perfectly 
feasible. He did not adduce the example of the Britannia BridM, 
because there the work was not under water ; they had merely 
to prepare for the masoniy ; but he thought that the Saltash 
Bridge over the Eiver Tamar was a case in point which he might 
instance. The tide was exceeding rapid at the mouth of the 
river, and the pier was gst in under great difficulties. Passing 
from the BubBtnieture to the superstructure, he regretted he had 
not been able to obtain detail particulars of the bridge. But, 
although the span was great, it was to be remembered that there 
was a bridge in course of erection in America having a span of 
more than a third of a mile. The Boutet bridge was stated to 
have spans of two-thirds of a mile, which was simply an exten- 
sion, whicJi, in the progress of engineering science, might reason- 
ably be looked for. Statements had been prepared as to what 
the traffic was likely to be, but there was at present no data for 
calculating the traffic, and it could not be known what it was 
until the communication was made. 

Mr. Alfbed Williams said that any scheme of intercommu- 
nication must be such as would give the greatest amount of 
comfort and accommodation to the public. His own opinion 
was that the quickest, safest, and the best method of crossing 
the Channel was by means of ferry-boats, aa proposed. Whether 
they carried the train or not, was a matter of little importance. 
He believed that appropriate boats could ; be built, and that a 
ferry was the scheme that would be carried out, and for the 
following reasons :— First, that it could be easily done ; secondly, 
that it was very much cheaper than any other scheme that had 
yet been brought out; and thirdly, that it would be the 
convenient ana comfortable to travellers. 

Captain Robehts observed that the feny scheme was 
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to the objection that, the longer and deeper the vessel, the more 
difficnlt she became to pilot into harbotu- in rough weatheTj 
as there was the chance of her being struck by a sea, or swung 
ronnd by a current. With regard to the bridge schenje, he 
was acquainted with the Boutet system, which had proved so 
far snccessfiJ in a small example, and might be expected to do 
BO on an extended scale. 

Mr. Wilson said that with regai-d to the practicabihty of the 
vessel entering the harbour, in his plan the opening between 
the two piers was 400 ft., so that there was no difficulty whatever 
in entering, even in rough weather. The boats when loaded 
would draw about twelve feet of water, and tliat draught would 

five them that steadiness which was so desirable. The goods traffic 
ad occupied the fullest possible attention, and arrangements had 
been made for carrying goods and passengers simultaneously. 
The goods trains were carried below and the passenger trains 
above, the boats being capable of conveying about fourteen 
ordinary railway trucks, in addition to twelve passenger c^u*- 
riages placed on the main deck. The railway trucks with the 
goods not being so urgent a matter, and not requiring the 
same expedition as the passengers, could be put on board during 
the interval that the boat was in the station waiting the arrival 
of the passenger train. There were mechanical arrangements 
proposed by which this was very easily managed. 

Mr. NuRSET said that he was glad to have heard from Mr. Wil- 
son that he considered no scheme impracticable in an engineering 
sense. That was one of the conclusions of which he (Mr, Nursey) 
had arrived while preparing his paper. Mi'. Wilson bad supported 
the ferry scheme, and very properly so, as it was a reasonable and 
ready method of overcoming tne present difficulty. Mr. Olrick 
mentioned that Mr. Chalmers' proposed tube was liable to 
damage and destruction from witnin and without. He would 
recal to his (Mr, Olrick's) recollection the fact that the tunnel 
proposed by the late Mr. Chalmers was covered in, in fact, it ran 
through an embankment, and was well lined ivith brickwork. Mr. 
OlricK spoke of the deterioration that might take place in the iron. 
That might or might not be, but in his paper he (Mr, Nursey) had 
met that point by referring to a statement which was made by 
M. Maury in his physical geography, which he would repeat : — 
" Count Maxsigli divides sea-water into surface and deep sear- 
water, because when making salt from surface water, not more 
than six inches below the upper strata this salt will give a red 
colour to blue paper, whereas, the salt from deep sea-water vriU 
not alter the colour at all. The blue paper can only change its 
colour by the action of an acid. The reason why this acid 
(iodine "i) is found in siirfacc, and not in deep sea-water, is that 
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it is derived from the air." Hence, argued Mr, ChalmerB, th* 
bottoms of iron ships when the interior skin of the iron was kept 
clean and well painted, appeared to suffer little or nothing from 
the action of the water on the exterior, and he went on to say 
that, by parity of reasoning, the iron of his tubing would not 
suffer even if the salt water should percolate through the strati- 
fication and get to it. Much diacnasion had taken place on 
Bontet's system of bridge. There had been some very strong 
opinions pronounced against it, and it was a matter of regret that 
he (Mr. Nursey) was not able to place before the meeting a full 
and correct engineering description of the principle which would 
have been then open to fair engineering criticism. As he under- 
stood it, the system had only very recently been perfected, and 
was in course of being patented, and the specification, he thought, 
was not quite completej or at any rate not published. Had pub- 
lication taken place they would have been in the possession 
of full particulars, and able to discuss the question upon more 
definite grounds. He would confirm what had been men- 
tioned respecting Mr. Ordish's opinions as to the piers of the 
proposed bridge, because Mr. Ordish had expressed the same 
opinion to him, Mr. Nursey. Mr. Ordish stated that the scheme 
of a bridge, not necessanly Bontet's bridge, was feasible and 
practicable. As Mr. Cargill had observed, it was not because 
they had attained to a certain point or limit in engineering 
science that they were to stop at that limit. Mr. Ordish had 
proposed a suspension bridge on his rigid suspension principle 
across the Thames from the Tower. Mr. W, H. Barlow had 
reported that the bridge, as designed, was perfectly safe, and he 
(Mr. Nursey) believea Mr. Barlow had also embodied in hia 
report a statement to the effect that Mr. Ordish's principle was ' 
sate and practicable up to about half a mile span, he navin^.l 
carefully taken out the strains of such a structure. If that: a 
principle was practicable he did not see why any one should 1 
pronounce, as impracticable, a system whicti had been satis- 
factorily illustrated in model, and the full details of which 
were not yet made public. Turning to the whole question of 
intercommunication tetween England and France, it was to be 
summed up, he thought, as followed : — The public were in vi 
great want of better means of getting across the Channel. ' 
supply that want by any of tlie tunnel or bridge schemes nowj 
before them, would occupy many years and involve an enormoafl 
outlay, beyond anything he had yet seen committed to paper> 
He did not go into the question as to whether it would pay ot 
not, but his own conviction was that it would pay very well ulti- 
mately, though it might be a work of time before it would suc- 
ceed as a commercial question. There were two underground 
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tunnels proposed, and of these, he thought that that throusli 
the Wealden formation would be the safest. As regarded the 
tubular schemes, be was uot much in favour of tbem. Coming 
to the question of coramtmicatlon by means of improved packets, 
they bad two alternative schemes, the principal one being 
that of Mr. Fowler and Mr. Wilson, which would cost two 
millions, and really a very excellent plan it seemed. The other 
scheme, or rather proposition, for it amounted to nothing more, 
was that given in a report by Captain Tyler, in which he stated 
that by improving the west pier at Boulogne at a cost of 500,000/., 
and by improving the Dover pier at a cost of 100,000^., and 
starting between those two points a better class of boats, th^ 
might obtain all that they required for present purposes. It 
certainly seemed to him (Mr. Nursey) tnat while they were 
waiting for a tunnel, a tube, or a bridge, the most sensible 
course would bo to adopt one or the other of these boat schemes. 
He thought those were schemes to which they should give 
special attention pending the perfecting of the other ideas. 
Tunnels, tubes, and bridges were practically schemes of the 
far future. For the present engineers must consider how 
best they could meet the necessities and urgent requirements of 
the case, and he thought they could be well met, temporarily 
though it might be, by the improvement of the harbour accom- 
modation on either side of the Channel, and the adoption of 
more commodious steam-vessels. 

The PsESiDENT said that with regard to the bridge, he 
thought that something more should be known of its details 
before an opinion could be formed of its merits. As to the 
tunnel schemes, the great objection seemed to be, according to 
the discussion, the great outlay which a tunnel required, and which 
would prevent it from becoming a commercial success. The 
steam ferry across the Channel appeared to be generally ap- 
proved of. The outlay would be less than in any of the other 
schemes, and he had no doubt that it was the most practicable in 
all respects. 
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F. "W. BRYANT, President, in the Ohaih. 

THE NEED OF FURTHER EXPERIMENTS ON 
THE STRENGTH OF MATERIALS. 

By Charles J. Light. 

All sound eneineerinf; practice must necessarily be based 
upon experimental research into the strength of the materials 
employed, whether these experiments are purely scientific, and 
conducted with the accuracy and precision necessary to qualify 
them for supplying data on which to base formuItB for general 
use, or of a rough and ready character hardly to be recognised 
as experiments. For even the most ordinaiy pi-oportionB of parts 
must originally have been based upon trials — very often upon 
failures. It is with the former class only that the author now 
proposes to deal, and to point out how far, in some very im- 
portant branches, it has hitherto failed in answering its proposed 
end. Two essentials of useful experiment are, that all action 
whatever that could interfere with the sole development of the 
strains to be investigated should be carefully eliminated, and 
that the apparatus used should possess the means of measuring 
the results with the utmost possible accuracy and delicacy. 
These points are essential, because where they are neglected, it 
becomes difficult to say what are even the limits of error, much 
less what corrections have to be applied to the results obtained, ^^ 
If this be thought too much of a truism, it will be sufficient to ^^| 
refer to the practice, once almost univei-sal, of applying tensile ^^| 
■ ' i force by means ^H 
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_ hydi-auhc pressure, and measuring the F 
^^of a gauge connected directly with the press itself, v 
H^^^Htion of the cup leathers introduced an element of uncer- 
^^^^^Hl^ which entirely vitiated the accuracy of the results. \Vhen 
^^^^^Robject of the experiments is to establish formulas, it is clearly 
' JBSaiy that, besides the above-named conditions of the appa- 

ll the samples operated upon should be prepared with 
imost care and precision : but the author would si 
t the same time samples should be prepared from 
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ticaJiy the same materialsj but under aa nearly as possible the 
ordinary conditions of manufacture, so that a comparison of the 
two classes might afford data for determining; what proportion of 
the theoretical strength might reasonably Be calculated on in 
practice. 

Of late years great numbers of experiments have no doubt 
been made, especially upon the resistance of iron to tensile and 
transverse strains, but they have been generally for nrivate 
purposes, and have not been allowed to become known. A note- 
worthy exception, however, is the valuable series of experiments 
in wrought iron and steel carried out by Mr. Kirkaldy for 
Messrs. Napier, and so fully published with their permission. 
Upon the questions of tensile and transverse strains, therefore, 
it may be said that our information is fairly complete, but on 
the mghly important subject of compressive strains it is ad- 
mitted on all hands that reliable data are sadly needed. In a 
recent communication to the Institution of Civil Engineers, a 
French authority, M. Gaudard, remarks that "the case or a 
pillar pressed upon its bases is very imperfectly understood. We 
are almost reduced to the application of formulte purely empi- 
rical, which aim rather at conforming to observed facts than at 
explaining them." Whether the formulae we have to rely upon 
deserve even the modified description of " conforming to ob- 
served facts" may well be doubted after a very slight examina- 
tion and comparison. 

It is surely a matter of great surprise that the best series of 
experiments into the strength of columns and struts dates as far 
back as the year 1840, when Mr. Eaton Hodgkinson tested a 
considerable number of small columns of various diameters and 
proportions with the express object of detennining practical 
formulae. Since then nothing further has been done in this 
direction, and the results at which he arrived are still the ad- 
mitted basis of calculation for columns and struts. It might, 
therefore, have been expected that these results were so clear- 
and satisfactory as to render further investigation unnecessary, 
which, however, is very far from being the case. For example, 
the well-known formula for long hollow columns with both 
ends fixed, that is, according to Hodgkinson, columns whose 
length exceeds thirty diameters, is — 

W=44-34 ^"'.'~^"" 



Where W=breaking weight in tons. 

D=extemal diameter in inches. 
(/=intemal diameter in inches, 
L=length in feet. 
02 
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On seeing so peculiar an index or ejqionent as 3'55 in a pro- 
fessedly empirical formula. It is natural for the student to 
suppose that the experiments rendered results at least verj' 
closely approximating to the index finally adopted. What, 
therefore, must be his surprise to find that in fact the indices 
obtained from the various experiments ranged from 3-922 to 
3'412? (see the foot-note to page 333 of Mr. Hodgkinson's 
work). That is, if the external diameter be 12 in., the factor 
to be employed might range from I2'^'=17,082 according to 
one experiment, to 12'*" = 4810 according to another. The 
same remark applies to the factor L'"^, as it appears that the 
index varied from 1-914 to 1-424. 

In the sixth edition (1867) of Barlow on the Strength of 
Materials, edited by Mr. Humbtsr, a short article on cast-iron 
columns has been inserted, which is an almost verbatim extract 
from Hodgkinson's work above referred to, and in which his 
formulae are adopted as t!ie best yet known, with a modification 
suggested by Mr. Hodgkinson, viz., taking the index of the 
diameter as 3-6 both for columns with fixed and with rounded 
ends. It is somewhat anomalous that, while adopting this modi- 
fication, the effect of which is very considerable even in columns 
of moderate diameter, what may be almost called the affectation 
of extreme accuracy is retained in the constants of 44-3 for 
hollow and 44-16 for solid columns, where it is obvious that the 
decimal part exercises an influence upon the result perfectly 
insignificant as compared with that of the slightest change in tJie 
indices. 

Another serious cause of uncertainty arises from the ad- 
mittedly different kind of resistance offered by very long and very 
short columns, the one being principally a resistance to crushing 
and the other to flexure. Mr. Hodgkinson came to the con- 
clusion that his fonnula for long columns could be adopted 
to sliort columns, at least for certain classes of iron, by means 
of the following expression : — 

Breaking weight of short columnsstc. 
_ "WxC 
W+fC 
^li^rc C is the crushing force in lbs. belonging to the material 
^— jjci\"i>' "actional area of the column. As, however, C 

^^ i„ ry cases be very large in proportion to W, the 

.._„ lally resolves itself into w=| W. 

ous that this is a most unsatisfactory solution, 

supposed that there is any point at which a 

BO considerable an extent takes place. Or, 

1 to the test of an example, let it be supposed 
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that the column whose breaking strength is sought is 30 ft. 
long, 12 in. external, and 12 in. internal diameter, is it to be 
classed as a long or a short column ? In the former case, its 
ultimate strength would be, according to Hodgkinson's formula, 
442 tons, in the latter 589^ Nor, if it be admitted that there 
are two such distinct classes as long and short columns, is there 
any certainty as to the proportion at which the change occurs, 
other authorities placing it as low as five diameters in the case 
of cast iron. 

Leaving for a time the consideration of Hodgkinson's formula, 
the next that claims attention is that given by Professor 
Rankine : — 

W=S ^ 

1 + -' 



cr^ 



Where S= sectional area of a column, /=its length in inches, r 
the least radius of gyration of its cross section, / and c two co- 
efficients depending upon the material, and appearing to have 
relation to its powers of resistance to compression and tension. 
It will be seen that no comparison can be made between this 
formula and Hodgkinson's, but it is evident that Rankine's 
bears a more purely theoretical character, and that it involves 
the fourth power of D, in which respect it agrees with that ori- 
ginally laid down by Euler, which Hodgkinson thought could 
only be reconciled with practical results by modifying the index 
as before noticed. 

Besides these formulae, there is also one quoted by Moles- 
worth, though from what authority it was derived the author 
has been unable to ascertain. It is given on the nineteenth page 
of his Pocket-book, and called an " Approximate Rule for the 
Strength of Iron Struts," without any limitation as to the pro- 
portions between their length and diameter. For the case of 
hollow columns of cast iron this rule gives— 

W=Sx36--l+_J^ 

400 D2 

o 36 
or=S w- 

1+ ^ 



400 D2 

Rankine's formula adapted to a similar case would be 

^ ;. 80,000 ^ 80,000 
W=b 8T— =S ^j— 



l + ^H7vxlrS 1 + 



3200 D^ ^ "^ 400 I)^ 
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SO that the forms are identical, while the difference of the co- 
efficient is, in this case, but trifling, as Bankine's formul a gi ves 
the value of W in lbs., and 80,000 lb. = 35-715 tons. When, 
however, the material of the column is wrought iron, the simi- 
larity of form continues, but the coefficients dififer so greatly as 
to cause great discrepancy between the results, a discrepancy 
varying with the relations between the length and diameter. The 
same remarks apply to the f ormulaegiven for columns of a hollow 
square and a cruciform section. To assimilate the formulae for 
wrought iron to those of Bankine, they must be altered thus ; — 

For cruciform section, 16 h- 1 + 



For hollow square section, 16 -r 1 + 



1500 D^ 



3000 D^ 



For hollow cylinder section, 16 -- ^ + iT7vrm 

In order to show how great is the variance between the dif- 
ferent formulae, and therefore how micertain any calculations of 
the strength of columns must be, it will now be desirable to 

five the results in a few practical instances. First, let the case 
e that of a cast-iron column 30 ft, long, 12 in. external, and 
10 in. internal diameter, with the ends flat. Hodgkinson's for- 
mula will give its breaking weight, if it be considered as a long 
column — 

With index 3-55 442 tons. 

With index 3*6 (said to be sufficiently near for prac- 
tice . 505 „ 

If taken as short column 589 „ 

Or the same with index 3*6 631 „ 

According to Rankine's formula, taken as long 

column 38C „ 

According to the formula on page 19 of Molesworth . 383 „ 



Which of these results, the extremes being as 5 to 3 very nearly, 
is to be taken as the true breaking weight of the column? 

Again, take the case of a column, also of cast iron, 30 ft. 
long, 24 in. external and 20 in. internal diameter, with the ends 
rounded, or, what is the same in effect, jointed. Hodgkinson's 
formula gives, with what he considers the true index for D, viz., 
3-76— 
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Breaking weight 3080 tons. 

With the index 3'6 (" quite near enough for prac- 
tice," let it be remembered !) 1797 „ 

Or, if it be taken as a short column, wliicli at the 
proportion of 15 diameters to the length, we have 
a right to do 4107 ,, 

Taken as a long colunm, by Rankine'a formula . . 1519 „ 

By formula, page 19 Molesworth 955 „ 

In this case, the extreme values obtained for W are to one 
another as 43 to 10, very nearly. How is it possible to arrive 
at any idea of the real strength of such column, which ia yet 
one of very probable dimensions? If, however, wrought iron be 
the material employed, the discrepancies become still more 
startling. Assuming the case of a similar column to the one 
first instanced, only m wrought iron — 

Hodgkinson would give 771 tons. 

RanEne 463 „ 

Molesworth 170 „ 

The first result is based on the statement that the relative 
strengths in long colmnns of wrought and cast iron are as 1745 
to 1000 — an hypothesis which must oe entirely erroneous, for the 
- ultimate crushing strength due to the area of this column, without 
any consideration of its liability to flexm-e, ia only 586 tons (cal- 
culating at 38,000 lbs. on the square inch). 

The uncertain results of Mr. Hodgkinson' s experiments 
must, there is no doubt, be chiefly attributed to the small size 
of the columns operated upon, and not to any want of skill or 
care on the part of the operator. The largest solid column 
tested was only 5 ft. long and 2 in. diameter, and iu hollow 
columns the greatest length did not exceed 7 ft. 6 in. with a 
diameter of 3^ in. The more powerful means of testing now at 
the command of engineers would allow of experiments being 
made upon a much lai-ger scsde, and, it is reasonable to anti- 
cipate, with far more uniform results. 

Before leaving this part of the subject it will be well to notice 
a remark of Mr. Hodgkinson (" Phil. Trans." 1840) respecting 
cases of imperfect casting in hollow columns, where the metal on 
one side was considerably thinner than on the other. He says : 
" It is gratifying to find that a matter which would seem to 
destroy all confidence iu a pillar does not produce a great reduc- 
tion in the strength." This apparent anomaly he explmns by 
supposing that by some natural law the thinner aide alway a 
takes up the compressive strain, and the thicker the tensile, 
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and the instances that actoally occorred amonf his experiments 
certainly confirmed this supposition. This will he an important 
point for future obsen^ation. 

In reference to wooden pillars or columns* it will be sufficient 
to remark that the best established formulae give results which 
differ from each other in a similar manner to those for iron, 
though not to quite the same degree. 

£nough has probably now been said to show how impossible it 
is, with our present information, to determine within anything 
but the roughast approximation what load anV given column 
ought to bear before bi*eaking. It is true that even if strict 
accuracy were attainable in this respect, there would vet remain 
the variations of material and workmanship to be allowed for, 
besides the important question of the factor of safety that should 
be adopted. But the author would urge that we ought not to 
be content until a theoretical basis has been established as certain 
and rational as that upon which calculations of transverse strains 
are now based. 

Another class of experiments, much more readily to be made, 
and of a much simpler character, would yet be of great practical 
utility. Their object would be to determine the resistance to 
transverse and compressive strains of wrought-iron L and T bars 
of various sections, and to deduce therefrom practical rules. 
It is very probable that ample materials already exist in private 
hands for compiling such information, and, if not, the necessary 
experiments could be easily and cheaply made. This is not a 
case reauiring extreme accuracy, especially as it would be the 
actual lull-sized bars that would be operated upon, but every 
engineer ought to have the means of determining at a glance 
what load any given bar will properly bear. Such tables would 
bo the means of saving many a ton of metal in roofs and floor- 
ing, &c., and would afford the designer an assurance of the 
efficiency of his structure, which he cannot at present be said 
to have. 

The next series of experiments to the need of which the author 
desires to call the attention of the Society, would require very great 
care and skill, botli in arranging and in carrying out. They refer 
to the true proportioning of the eyes of links. It is now many 
years since attention was first directed to the necessity for pro- 
viding, not only a sufficient shearing area in the bofts or pins 
sccurmg links, tie-rods, &c., but also a sufficient bearing area of 
the link or tie itself upon the bolt, a point which appears to 
liave been overlooked, at least in civil engineering, xmtil the 
rapidly extending use of iron roofs, and the desire to reduce 
every part to the lightest possible form, brought it into pro- 

lence. And even now there is great difference of opinion as 
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to the extent of sueli bearing area, some authorities contending 
that the crushing strain so induced ought not to be allowed to 
exceed (for wrought iron) five tons to au inch, wliile others would 
extend the limit to seven or eight tons. The correct proportions 
for the eyes of links, whose thickness is small in proportion to 
their breadth, as in those of bridgesj still present a vexed ques- 
tion ; and it is not easy to determine how far they are affected 
by the unavoidable irregularities of manufacture. 

Experiments appear to show that the proportions at present 
adopted in the best practice, though greatly modified from those 
at first used, are even yet insufficient to secure the fracture of 
the link through the body in preference to the eye. The author 
submits that it would be higlily desirable to arrange and carry 
out a series of experiments on links of graduated cross sections, 
from the thin link, as employed in the lower members of bridge 
girders, to one of a square section, with a view to determine the 

E roper proportions for the eyes under these varying conditions. 
3 is, however, quite probable that a large amount of informa- 
tion already exists suitable for such a determination if it could 
only be brought together under such conditions as to permit of a 
fair comparison of results, 

Upon the strength of timber as a material of construction 
there have been made so gi'eat a number of experiments that it 
may be doubted whether iresh ones wotdd add much to our know- 
ledge of the subject. It may be remarked, however, that the 
greater part of these, also, are open to the objection before referred 
to of having been made upon exceedinglv small pieces. It is 
also true that with timber so very much depends upon the age, 
the growth, and the place of growth of the tree, , that it can 
never be expected that calculations for this material can be 
brought within the same limits of accuracy which may be fairly 
looked for in the case of iron. 

Further experiments are probably desirable on the strength of 
combinations of timber and iron, such as trussed beams, keeping 
in view the consideration that the timber must necessarily yield 
to a considerable extent before any appreciable strain is brought 
upon the iron tie. This objection is of much greater force in 
the case of the flitch girder, in which the timber ought only to 
be looked upon as giving lateral stiffness to the iron plate. 

In reference to the important question of the strengths of 
stone, brick, cement, and artificial stone, there ia still room for a 
well-arranged series of experiments, especially if made upon 
much largei' samples than those which have hitherto been ope- 
rated upon. Another interesting subject for fuller experiment 
is that of glass, as laid in sashes both of wood and iron. In the 
latter case observations should be made under varying tern- 
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Eeratures. Several other branches of the inquiry will doubtless 
e suggested in the course of discussion, and the object of this 
paper has been, not so much to call the attention of engineers 
to a want which the author is well aware is already known and 
admitted, as to elicit from all who take an interest in the subject 
such information as they can contribute to the common f imd, and 
such suggestions as may lead to a practicable remedy for a state 
of things which cannot be considered creditable to the present 
position of engineering science. 

If the foregoing fairly represents the present state of our in- 
formation upon this important subject, it remains to consider 
what means can be suggested for satisfactorily supplying the 
deficiency, and obtaining data upon which reliable formulae might 
be based. The best course would probably be for an adequate 
series of experiments to be carried out covering the whole field 
of inquiry on any one branch of the subject — say that of columns 
and struts — to be conducted under the direct superintendence of 
two or more engineers of such standing as would give weight 
and authority to the results at which they might arrive. But 
this course would necessarily involve a very heavy expense, such 
as no individuals, and probably no body of engineers even, 
would be inclined to bear. The author would therefore suggest 
that the same desirable result may be attained by organising a 
system of co-operation, whereby the expense may be so spread 
as not to be felt a burden. To this end three things appear to 
be essentially necessary. First, that all the experiments should 
be conducted according to a prearranged form, and by means of 
one and the same testing machine. Secondly, that with each 
experiment on strains of compression a piece of standard size 
from the same melting as the castings to be experimented on 
should be subjected to the test of crushing, so as to furnish a 
datum of comparison with other cases, and similarly of course 
with other materials and other classes of tests. Thirdly, that 
there should be a central body or committee to which all infor- 
mation should be sent, and by which it should be analysed and 
sifted, all that might be thoroughly reliable classified and tabu- 
lated, and finally its results carefully formulated. 

The author would suggest that the Society of Engineers 

might well take the initiative, and appoint, through its Council, 

a committee to act as such a centre ; that any member of the 

Society holding the position of engineer to works of sufficient 

lagnitude should use his influence to have a small sum set 

ide, either by the principals or the contractors, for the purpose 

experiment, the special object of which should be arranged 

;h the central committee ; and that the co-operation of eugi* 

3rs not connected with the Society should be invited for me 

ne obiect. The objections anticipated are, that where testing 
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is resorted to in connexion with public or private works of con- 
struction, it is generally for tlie private purposes of the parties 
concerned, and that there might probably be great disinclination 
to allow the materials used to be experimented on if the results 
were to be made public. Again, it may be feared that the 
engineers most qualified to form the proposed central committee 
would not be able, assuming that they would be willing, to devote 
the necessary time to the work of arranging and formulating 
the information sent to them. 

The author would meet these difficulties by the consideration 
that if the first-named condition, insuring imiformity in the 
mode of conducting the experiments, be secured, the time over 
which the inquiry might be spread would become of less moment. 
At the same time he is sangume enough to believe that if the 
object be found to be really important, there are plenty of qualified 
men who would be ready to give a portion of their intervals of 
leisure for the furtherance of an inquiry which should give a 
complete and satisfactory answer to questions of daily import- 
ance to our profession and to all connected with the arts of con- 
struction. 

The tables appended show the breaking weights of cast-iron 
columns of 12 and 6 inches diameter, according to Hodgkinson 
and Rankine : — 



Column — dia. 12 iii. x 1 in. thick. 
Resistance to Crushing 1417 tons. 



Length. 



ft. 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 



Breaking Weight. 



Hodgkinson. 
tons. 

3820 
2808 
2145 
1720 
1404 
1171 

997 

860 

752 

663 

589 



Rankine. 
tons. 

987 
907 
828 
753 
682 
617 
558 
506 
459 
417 
380 



Column — 6 in. dia. x 1 in. thick. 
Resistance to Crushing 644 tons. 



Length. 



ft. 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 



Breaking Weight. 



Hodgkinson. 

tons. 
1243 
768 
522 
384 
294 
176 
144 
120 
102 

88 

77 

68 

60 



Rankine. 
tons. 

413 
342 
280 
230 
190 
158 
132 
112 

96 

83 

72 

63 

56 
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Ml'. ScHoNHEYDER saitl lie had noticed tlie discrepancy fl_ 
the formulie referred to ill tbo paper, as he had often to calcr3_ 
late the strength of columiie, and he hoped the experiments 
would be made wliich Mr. Light snggested. In addition to those 
he would suggest further experiments upon columns placed in 
liorizontal or angular positions, as those were cases that often 
occurred in practice. There was no doubt that the crushing 
load which they would bear was very much less than that which 
a vertical column would bear. Further experiments should be 
made upon columns which were loaded a little to one side of the 
centre, as in that case the strength was very much reduced. 

Mr, Head said it appeared to him that the great difficulty 
Mr. Light seemed to be under was the testing and calculation 
of compressive strain chiefly in cast iron. The tensile strain 
he thought they had always been able to find out, having regard 
to the different kinds of ii-on ; but where Mr. Light seemed to 
find difficulty in getting any calculations that came into practice, 
was chiefly in long cmumns of cast iron and also in wrought 
iron. In his (Mr. Head's) experience the compressive resist- 
ance had always been so immensely beyond what was put on 
material iu tension, that it was very Bcldom necessary to calcu- 
late it, except in case of bending ; and as to the actuid com- 
pressive sti'aui of a cast-irou colmun, founders never could cast 
columns so thin as a calculated column would be. U engineers 
could arrive at an exact compression to put on a given column, it 
would have to be multiplied by about six before the column could 
be cast. There was a very great difficulty, of course, in producing 
any formulie for such columns as those referred to by Mr. 
Light. The experiments were very difficult with large columns, 
though the smaller experiments were very easy. His firm had 
put up a machine iu London for the purpose of testing such 
strains, and he should be Tery glad to place it at the disposal of 
the Society if they wished to make any small experiments ; but 
such experiments as those that Mr. Light had suggested, he 
(Mr. Head) thought would be impossible at present for want of 
proper machinery. 

Mr. KlRKALDY, in reply to a question from the President, 
said he had tested logs of timber 20 ft. long and 13 in. squai-e, in 
compression; wrought-ii-on f^rders 3 ft. deep and 2(j ft. bear- 
ings, small pieces the tenth of an inch in diameter and a quarter 
of an inch long, in compression ; steel wire, No. 22 gauge, and 
cement in tension. The machine afforded the opportunity of 
testing materials under twistmg strains and all classes of 
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strains. He further observed that the power of his machine 
ranged from 10 to 1,000,000 lbs. He was proceedine with some 
experiments, the result of which were being tabulated syste- 
matically, and perhaps at a future day they would be published. 
At the present time, with few exceptions, when any great 
accident happened, no one ever sent to irave the materials which 
had been used tested, although they had the means of so doing. 

Mr. Olriok thought that the only difficulty in the way of 
making experiments on a lai'ge scale, as suggested by Mr, Light, 
was the want of funds. With regard to the question of strain, 
he (Mr. Olrick) was of opinion that, practically, the shearing 
force was almost identical with the tensile strain per square inch 
of a piece of iron. 

Mr. W. Adams said he fully agreed with Mr. Light in the 
opinion that a very extended series of experiments was required 
in all branches of mechanical engineering. Having experienced 
the want of some definite knowledge about the strength of 
riveted Joints, he had instructed Mr. Kirkaldy to make experi- 
ments which he was now carrying out, and, as far as they had 
gone, they had convinced hira (Mr, Adams) that he hacl very 
imperfect ideas on the subject. He had not arrived at any 
definite conclusion yet, but his object was to find what pitch 
of riveting in the seam of a boiler would give the greatest 
strength at the seam. It was a very simple matter when riveting 
up girder plates to put thein in a testing machine and ascertain 
what strain they would bear ; but in boiler work there were other 
considerations than in girdei's, which made it more diificult. If 
the rivets wereplaced too far apart the work could not be made 
steam-tight. He agreed with tne author of the paper, that an 
exhaustive series of experiments upon the strength of niateiials 
would really he invaluable to the profession. 

Mr. Caroili. said that, while admitting the necessity for 
further experiments in connexion with the subject of the 
paper, he aid not think that any reasonable series of experi- 
ments would exactly fulfil the conditions which Mr. Light 
expected. He (Mr. Cargill) had heard a column in a hori- 
zontal position referred to during the discussion, but there was 
no such thing. A column in a horizontal position became a 
beam or a gurder, and was attended by circumstances totally 
different from those which acted in crushing a column. The 
sura of the forces which acted upon a column might be repre- 
sented by unity, and they would be a crushing strain and a 
bending strain ; and the difficulty of drawing a distinction 
between a short and a long column was iu determining which 
of those two forces exercised the greatest influence towards 
breaking it. Evidently the crushing strain became yery dis- 
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proportionate to the bending strain in the case of a short column, 
aiid vice versa. Looking at Mr. Hodgkinson'a formnla, it 
evidently composed of two parts, one they miglit call the <. 
stant, 44-34, and the other the fractional part, which was 
exempliiication of the difference between practice and theory, 
becaiise, if the theoretical conditions were actually fulfilled, it 
would be identical with that established by Euler. It appeared 
to him (Mr. Cargill) that in order to make the experiments com- 
plete, a different constant wotdd be required. Supposing that 
the theoretical part of the formulae remained the same, which 
was the fractional part, a different formula would still be wanted 
for every proportion of length to diameter. That would be 
very tedious, and involve calculations ad infinitam. Moreover, 
it would not be of much practical value, because with snch a 
number of constants there would be liability to confusion. It 
would be better to take half a dozen constants, which would be 
of real value in practice ; a formula could not be had for every 
case : a number of general formulse and experiments must l>e 
taken, and allowance made for the trifling differences in practice. 
The manner in which the experiments were to be made, conse- 
qaently, presented much difficulty. On the one hand, if they 
were of too limited and contracted a nature they would fail in 
their object. On the other hand, if they were to be very exten- 
sive it woiUd be impossible to adequately carry them out. With 
care, however, that mieht be obviated, and a useful series of 
rules and formulae miglit be obtained. 

Mr. SceoNHETDER agreed with Mr. Cargill that there was 
no such thing as a horizontal column, but if a rod was laid hori- 
zontally and exposed to a crushing strain, he did not think that 
it ought to be described or calculated as a girder. For instance, 
he did not think that the strut of a i-oof composed of T iron 
in a sloping direction, at say say 45°, should be calculated as 
a girder. Certainly it was not loaded similarly to a girder, 
and the crushing strain by far preponderated, and it would be 
better to calculate it as a column, which would bring the result 
nearer the truth than if it was calculated as a girder. 

Mr. Oakgill said that a rafter occupied an intermediate 
position between a column and a beam, and was certainly sub- 
jected to compressive force. In a rafter there would be a 
transverse strain, but in roofs and bridges the struts were sup- 
posed to have no transverse strain at all, but to be simply acted 
upon by compressive forces in the direction of their lengths. If 
re were any, the rafter would be subjected to a bending 
in, but a compressive force was the only one taken into 
junt. He submitted that although it was a compressive 
in, it was not absolutely such a directly vertical and crushing 
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strain as a column bad to Tuidergo. It was modified by the 
angle of inclination. With a horizontal beam it was a very 
different thing, because, althongb there were compressive and 
tensile strains, yet, taking a plate girder for instance, and 
loading it till it broke, the top flange would yield by compression, 
but not in the direction that a column would. 

Mr. Robins said that a bridge built by Mr. Charles Warren 
many years ago, had a horizontal column at the top, which took 
all the compressive strain. That was a case of a horizontal 
beam for abridge of about 272 feet span. 

Mr. ScHONHEYDER cited another example of what he might 
call a horizontal column, namdy, the upper member of a girder, 
say of a lattice girder or a Warren girder-bridge. As a rule, 
the upper member was kept from deflecting upwards or down- 
wards, by connexion with the lattice bars, but it was not always 
prevented from deflecting laterally in the same .manner; it was 
simply prevented from that action by it own stiffness, and it was 
necessary in very long bridges to calculate the amount of that 
stiffness, so as to be sure that it would not deflect laterally. 

Mr. Sbfij said that if a formula could be arrived at which 
would mathematically espress any strain that a column of a given 
length should bear, he thought that the discrepancies existing 
between different samples of iron would entirely vitiate calcu- 
lations founded upon such a formula. A column of cast iron 
might be either perfect or imperfect. Taking it as perfect it 
might, probably, bear a strain of 30,000 lbs., bnt it would be 
easy to find another specimen equally perfect that would not 
bear 20,000 lbs., not through any inherent defect, but simply 
from being of a different class of iron. As a further illus- 
tration of horizontal struts and columns he would refer to the 
ordinary tie-rods which tied the cylinders and condensers of 
horizontal marine engines together, inasmuch as in the back 
stroke of the piston the entire strain of the crank would be 
brought upon tiie bearings alone if they were not otherwise sup- 
ported between the cylinders and condensers. 

Mr. Cargill asked if it was a tie or a strut. 

Mr. Sefi said it was a stmt one way and tie the other, 
according to the direction of the stroke. 

Mr, Carqill said it must, of course, be made to act as a 
strut. 

Mr. Sefi observed with reference to the riveting of steam-joints 
that it was usual to make all the rivets of the same diameter, 
either for single or double riveting. He would suggest that 
the rivets be placed at a pitch that would give the greatest 
strength, and that to make the joint steam-tight rivets of a 
smaller diameter should be inserted between the larger ones. 
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The President said he would adjourn the discussion to the 
next meeting, and in the mean time the members could examine 
the formulae in Mr. Light's paper, which would enable them the 
better to resume the discussion. The subject of the paper was 
of great importance, and ought to be well discussed. The 
members appeared to agree that it would be advisable that a 
committee of the Society should be formed to further the 
object Mr. Light had proposed, which was to investigate 
the strength of materials more carefully than had hitherto 
been done. The difficulty, however, was to find those who 
would give their time in carrying out the object. It would be 
desirable, he thought, to find somebody who could give his entire 
attention to experiments of that kind, under the guidance of a 
committee appointed by the Society. 
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December &th^ 1869. 

F. W. BRYANT, President, in the Chair. 

THE NEED OF FURTHER EXPERIMENTS ON THE 

STRENGTH OF MATERIALS. 

ADJOURNED DISCUSSION. 

Mr. Light, after giving a short resumS of the discussion at 
the previous meeting, with the view of recalling the points which 
had been noticed, observed that the example of a column given 
in his paper was not chosen as a suitable one for testing, but 
only to exemplify in a striking manner the different results 
obtained from the formulae. He had taken 12 inches as a very 
fair diameter for a column, and his reason for taking a 30 ft. 
length was to bring it up to Hodgkinson's assumed limit for 
short columns. It appeared to him that Mr. Head's remarks 
would logically lead to more than he probably intended. The 
fair inference from them would be that as the practical strength 
of the columns was always so very much in excess of the required 
strength, and as the formulae given in the books of reference 
differed so venr much from one another, as he (Mr. Light) had 
shown, the right course would be to efface those formulae, and 
to insert in their place a note to the effect that it was quite 
sufficient to attend to the practical thickness to which castings 
could be made. He could not agree with that position, because 
he did not believe that Mr. Head himself would say that a 
column 12 ft. long, 6 in. diameter, and f in. thick, would not in 
many cases have to bear quite as much as 45 tons upon it. If 
the load exceeded that, as it very well might do, it became a 
question of great importance whether Rankuie was right in 
putting the safe load at 45 tons, or Hodgkinson at 80 tons. As an 
actual case he might quote some of the columns in a design 
he had himself lately made, which were 15 ft. 6 in. long, 6 in. 

p 
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in diameter, and | in, thick, and which were to carry 39 toM 
each. Mr. Hod^nson's breaking strength would be : 
tons, and therefore the safe strength would be about 44 toni 
According to Kankine they would break at 148 tons, and there 
fore their safe strength might be taken at 37 tons. There wa 
thus a difference of 7 tons as to the load that might safely be 
placed upon them, and certainly from what he knew of the 
accoracy with which the columns for the Exhibition of 1851 
and for the Cn'stal Palace were designed, he had not the 
slightest doubt that if they could obtain the particulars of those 
colunms they would find that there was no such very great 
excess in the practical casting over the theoretical calculations. 
The tables appended to the paper ilhistratod still more strongly 
the different results of the two formula in 12 in. and 6 in. 
columns of varying lengths. They served another purpose 
also — they would show the principle upon which the two formulie 
differed. It would be seen that the resistance to cmshing in 
each case showed that Hotlakinson's formula, when driven to 
an extreme, could not possibly be con-ect. Eankine'a formul*,^ 
appeared to him to come out exceedingly well, and to be in f on 
what would be expected of a true formula. 

Mr. Caegill said that when there was so much discrepant 
found between the formulae of diffei-ent engineers, there wi3 
nothing like putting them to a practical test. He had prepar 
two tables, Table No. I. and Table No. II,, from Mr. Hodgki 
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Table II, — Hollow Piixahs. 
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0-54 


3 


13-93 
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11-21 
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0-52 
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A 


11-93 


12-22 


0-29 


10 


A 


12-11 


18-78 


1-67 


11 


A 


16.65 


17-97 


1-32 


12 


» 


15-20 


14-13 


1.07 



son's ■workj giving first of all the proportion of the diameter to 
the length of the column, and then the breaking weight by 
actual experiment — by breaking the column, and then the 
breaking weight calculated from his formula. Of course, the 
closer tne calculation agreed with the absolute experiment, the 
better for the truth of the calculation. What were called short 
columns were those in which the maximum proportion of the 
length to the diameter was 26. In fact they just bordered upon 
a line of demarcation between a short and a long column. The 
greatest difference between theory and actual experiment was 
two tons. The size of the column was about 5 or 6 ft. He was 
not certain how the diameter varied, but it was not so much 
the length, but the proportion between the length and the 
diameter which constituted the long or short column. Some 
of those agreed almost identically, the difference was so low aa 
0*01 of a ton. He had prepared the table to show that Hodg- 
kinaon's formula must have been based upon some truth, because 
his theoretical calculations coincided very closely with the 
actual results of bis experiments. The author of the paper 
asked whether a column 30 ft. long and 12 in, diameter should 
be taken as a sbort colimiu or a long one. He, himself, should 
take it as a long column, and treat it as such, but of course 
that was open to opinion. There was a formula which Mr. 
Light had quoted from Molesworth's Pocket-book, although he 
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could not say whose formula it was. He (Mr. Cargill) might 
mention that it was known as Professor Gordon's Formula, and 
was as follows : 



1 + 



400 xD* 



With a table of sectional areas or of circles the formula as 
altered below would be found easier to calculate from, as 
the square of the length in inches, which was a troublesome 
calculation, was dispensed with, and he had put N there as the 
ratio of the length to the diameter. By substituting for the 
length its ratio to the diameter and calling it N, the formula 
became : 

^_ 14400x8 .,. 

^_ 11309 D' .2^ 

It of course became very ready for calculation where N hap- 
pened to be a whole number, and simplified the calculation very 
much. Without a table of areas, the second formula was 
easier still, as it was only necessary to calculate the square 
of the diameter. It was to be noticed that if Gordon's formula 
erred it did so on the safe side. It made the breaking weight 
less than Hodgkinson's. Referring to the discrepancies between 
the two formulae, he observed that he did not allude to dis- 
crepancies where diflFerent exponents were taken, because ac- 
cording to the index taken different results would be obtained. 
The reason there was so much difference in those results was that 
the experiments were made with columns of different lengths, 
and made from different irons. That, of course, would show 
discrepancies which must be reconciled by taking the mean or 
average. There was another difference to which he would refer. 
Mr. Light gave in one instance a breaking weight of, in round 
numbers, 4100 tons, and Gordon's formula made it 955 tons. He 
(Mr. Cargill) thought that Mr. Gordon's formula was not at all 
applicable to the case. He should take it, that the value of N 
was fifteen times the proportion of the length to the diameter, 
uld calculate it as a short column, and Gordon's formula 
t applicable to short columns, only to long ones ; therefore 
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that result of 955 tons ought to be taken out of consideration 
altogether. It waa not to oe supposed that the late Mr. Hodg- 
Mnson, who was an expert experimentalist, and one of the ablest 
mathematicians of the day, had committed such an en'or as 
to give a formula which would make the breaking weight foiir 
times what it ought to be. He was not aware that any columns 
which had been calculated on that formula had given way at 
any time. 

Mr. Light said, with respect to Mr. Cargill's two tables, he 
understood that the columns experimented upon were all at, or 
about, the proportion at wbicli Mr. Hodgkinson assumed that 
the change from a long to a short column occurred. Was 
that so ? 

Mr. Cahgill said he thought the proportion was 1 to 26. 
Mr. Light said he was certainly sui'prised at so close an 
approximation between the calculated and actual strengths as was 
shown in those cases. He conld say no more then, as no infor- 
mation had been given as to the mode in which the experiments 
were made. Reverting, however, to hia own tables he thought 
that when it was seen that the crushing resistance of a column, 
looked upon simply as a mass of metal without any regard to 
its proportion of length to diameter, was according to the best 
authorities about 644 tons, and that a formula for the same 
column at C ft. long (which surely was not pushing it very much 
to the extreme), made its breaking weight 1243 tons, there 
must be something seriously wrong in the formula. It was to 
be borne in mind at what period Mr. Hodgkinson's experiments 
were made, and what was the state of scientific knowledge at 
that time, liow little the best men then knew about such things 
at all, and he thought there could be no reflection upon Mr. 
Hodgkinson if men of the present day differed somewhat from 
his tSductions. He did not thmk that Mr. Cargill had succeeded 
in disproving the calculations in the paper, and his (Mr. 
Cargill's) remark that columns had not broken which were 
calculated by the recognised formula was certainly at most a 
negative objection, because it was quite clear that when they 
allowed a margin of safety of 4 or 5, columns might be very 
nearly on the oreaking point for years without much being 
known about the matter. In reply to Mi". Ca^iU's observation as 
to the accuracy of the lengths which he (Mr. Light) had given as 
the extreme lengths upon which Mr. Hodgkinson experiniented, 
they ought to be correct, for they were taken from his own work. 
He had hoped that the case of -wrought-iron stmts would be 
alluded to in the discussion, because it was rather an important 
one. It was, of course, usual to take the section of the strut at 
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3 or 4 tons per inch, but still it would be well to know if there 
were any actual experiments in testing machines upon such 
struts, to ascertain how far the usual mode of calculation was 
simply a rough way of getting at the result or could be relied 
upon. 

The President said he thought engineers had ample formulae 
for use, but it would be advisable that all those who were carry- 
ing on works should make experiments on the materials they 
used. They had an excellent opportunity of doing so with Mr. 
Kirkaldy's machine, which would prove of great value to all 
requiring it. 
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December 6ik, 1869. 

F. W. BRYANT, President, in the Chaie. 

APPARATUS FOK MEASURING THE VELOCITY 
OF SHIPS. 

Br Vahghas Pendred. 

No subject has of late years excited moi-e contimiaus attention 
than the speed of the ships of Her Majesty's navy. This fact 
wonld alone be sufficient justiBcation for bringing before this 
Society the questions treated of iu the following paper, but, in 
addition, the speed of the fine steamers and splendid clipper 
ships of our mercantile marine constitutes a question of great 
interest, and matter, of which, as a nation, we are justly 
proud. For some time past the British Association has been 
engaged, through a committee of ableimen, iu investigating the 
laws which decide the best forms for speed of steam-ships, and 
the importance of such an inquiry no one can dispute. It 
should be cleai- to every one that accurate methods of de- 
termining the velocity of ships are essentially necessary to the 
solution of questions connected with the conditions under which 
maximum efficiency, as regards speed, is to be obtained. The 
importance of possessing a thoroughly good method of ascer- 
taining the speed of a ship sailing or steaming will become 
apparent from even a superficial Imowledge of the system of 
navigation now generally adopted by seamen all over the civilised 
world. But apart from all these considerations, the author 
believes that yet another exists which will commend this paper 
to the attention of engineers. He will have occasion to desciibe a 
certain form of speed- measuring apparatus which tlirows a novel 
light on certain questions connected with the laws of induced 
currents, which laws have already afforded matter for able papers 
and discussions read and carried on in tliis hall, and one of his 
main objects in reading this paper has been to bring those ques- 
tions up once more for discussion from a new point of view. 
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Before proceeding to describe any of the devices wliich have 
from time to time been invented for measuring the velocity ol 
ships, it will be well to define what is meant by the velocity or 
speed of a ship, and to state plainly that, with one exception to 
be presently defined, only a single method of determining the 
speed of a ship with accuracy has any existence. 

By the phrase " speed of ship" either of two things may be 
meant. First, her velocity as regards the water on wliich she 
floats partially immersed ; secondly, her velocity as measured by 
the time it takes to proceed from port to port or from point to ■ 
point. These are two utterly different things, and it is well that 
the difference should be carefully kept in sight. 

In order to estimate the true velocity of a ship duo, say, to » 
certain power of engines, we must regard the water as being ab-i 
sol utely at rest with regard to the vessel ; for it is obvious that if' 
the water in which she is partially immersed has a proper motion 
of its own, that motion will aSect the absolute velocity of the 
ship through space, accelerating or retarding her according as 
the motion of tlie water is with her or against her. Thus, a. 
vessel going on the measured mile with a tide of three knots an 
hour under her wiU have an absolute speed three knots an hour 
faster than her true still-water speed, when running with the 
tide, and three knots an hour less than her troe still-water speed, 
when nmning against it. In order to eliminate this factor, ships 
ou the measured mile run three times up and three times down 
the mile. The average velocity of all six runs found by the 
mean of means is then taken to represent her true speed, it 
being assumed that she will be as much accelerated during three 
of the runs as she is retarded through the other three. But this 
assumption is not necessarily well founded, because it is possible 
so to arrange the time of taking the runs with regard to the tide, 
that only two of the inins out of the six shall be against the tide, 
three of the runs with it, and one at slack water, or even on the 
turn. By this means the velocity of a ship can be made to 
appear greater than it really is. Honestly conducted, however, 
the measured mile trial constitutes the only means now used ■" 
Her Majesty's navy of ascertaining the true speed of a ship, ai 
this is one of the two methods referred to as exact m the 
bemnning of this paper. Measured mile trials, however, are 
full of defects, well known, and resulting in the fact that the 
speed of a ship on the measured mile is always apparently greater^ 
than her speed at sea. '. 

Of late years the system of six hours' trial has been intro- 
duced. A ship runs clown Channel for three hours, and 
back again to her port of departure, say Portsmouth, for 
hours. The distance run in the time is regarded as decidbii 
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her speed. But, in the first place, unless nmch care is taken it 
is qnite possible to have a strong tide telling either against or 
for the ship the whole time ; and, in the second, no accurate means 
of determining the distance ran exists, It is of course easy 
to say that from point to point (taking landmarks as a basis) 
the distance is by chart so much ; but a bad steersman, or the 
influence of the mnd or sea, may cause a ship to go over much 
more water than that indicated by the position of landmarks 
on the chart ; for if the ship took a sinnous course it is obvious 
that her true speed could only be ascertained be measuring the 
circumferential length of the curves traversed. But the chart 
assumes that the ship traversed only the chords of these curves ; 
very frequently, as a consequence, the distance is measured by 
the number of revolutions made by the screw; slip being 
deduced from the measured mile trial. Nothing can be less 
scientific. The six hours' trial trip system is therefore eminently 
unsatisfactory, and it remains a fact that no means of measur- 
ing the absolute velocity of a ship with minute accuracy is now 
in general use. 

But it is not during trial trips alone, or even principally, that 
it is expedient to know the exact speed at which a ship is moving 
from point to point of the earth's sm'face. To the practical 
navigator the means of obtaining a good general idea at least of 
the speed at wliicli he is sailing or steaming are absolute neces- 
sities. The author ia not about to take up the time of this 
meeting by any dissertation on the science of navigation. He 
will proceed at once to assnme that the existence of a speed 
measurer on board every ship is recognised as essential to proper 
navigation, and go on to describe such apparatus for measuring 
the velocity of ships as appear to deserve attention. 

The apparatus in most general use for this purpose is the 
common log. This is made of wood, in the form of a sector of a 
circle, loaded with lead at its circumference, so that if left to 
itself it swims upright in the water with the apex at the surface. 
The log is usually 5 in, or 6 in. long and ^ in. thick. It is 
attached to the log line by two cords, one of which is fixed at 
the apex of the sector permanently ; the other passes through a 
hole near the circumference, and precisely in the middle of the 
width of the log. It is secured by a wooden peg in such a way 
that when thelog is exposed to the strain of nauling in, the 
peg comes out, the lower part of the log is released, and it floats 
Hat, or nearly so, on the water, offering little resistance to being 
hauled on board. The line attached to the log is marked at 
certain equal distances with knots, which are again subdivided 
into tenths, called fathoms. It is wound on a reel, and when it 
s wished to find the ship's rate the log is thrown overboard, and 
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a quantity of line allowed to run off the reel that the log may 
float clear of the ship's wake. This part of the line is called 
stray line. It varies in length from ten to twentyfathoms, 
and is marked with a piece of white bmiting. When the 
bunting passes over the quarter the ofiicer calls out, " Turn." 
A hali-mmute glass is then turned, and directly the glass is 
run out the assistant calls out, ^' Stop." The line is then 
checked, and the pull of the water on the log causes the peg 
before noticed to come out, and the log lying flat on the water 
is hauled in. The operation is callea heaving the log. The 
log glass runs out — ^in theory — ^in half a minute, or the TT^th 
part of an hour, and if the divisions between the knots be the 
yfoth part of a nautical mile, it is apparent that if one 
division be drawn out in half a minute the speed of the ship is 
a mile an hour ; if two, then her speed is two miles an hour, 
and so on. For each knot passed overboard in half a minute 
the ship is going , one nautical mile an hour, and this is the 
origin of the word ^* knot," as will be easily seen. The length 
of a knot is found thus: — Circumference of earth =360 deg. 
and 360 x 60 nautical miles= 21,600. In practice the length of 
the nautical miles is usually taken as 6080 ft. The distance 
between the knots should be 50 ft. 7f in. ; it is really 47 ft. to 
compensate for errors due to the log coming home. 

It is difficult to conceive a more rude method of measurement 
than that just described. The rate at which the sand runs 
through the glass is affected not only by the weather, but by 
the motion of the ship. The length of the line is affected by 
its repeated immersions, and last, but not least, the hold of the 
log on the water at slow speed is so small that unless the line is 
payed out by hand an error of a knot or two an hour may be 
easily caused by the mere friction of the reel, however carefully 
that is mounted. As a result we find in every treatise on navi- 
gation a special warning to the student not to depend absolutely 
on the log, and formularised directions as to the means of 
eliminating such errors as can be got rid of. The author cannot 
do better here than refer such of his hearers as wish to investi- 
gate this matter further to Merrifield and Evers' very able 
treatise on "Navigation and Nautical Astronomy," published 
by Longmans in 1868. 

The first mention of any form of log with which the author 
is familiar, occurs in an account of an East India voyage by 
Purclias, dated 1607. Gunter described the log in 1623, and it 
is noticed in all succeeding works on navigation. From 1623 to 
the present day the common log has scarcely undergone any 
modification. Its defects, however, became apparent very early, 
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and numerous attempts were made, not to improve it — a hopeless 
task — but to invent something better. 

Very far back indeed in the history of scientific discovery we 
find evidence that it was known that a fluid current impinging 
on inclined vanes would cause rotation. No one knows who 
invented the windmill for example ; it is prehistoric in a sense. 
It was also discovered that by moving vanes inclined 1o their 
axes through a body of fluid at rest, rotation would be set up in 
the vanes by the creation of an artificial current, audit was also 
understood that the velocity of rotation might be made to bear 
a fixed relation to the velocity of the cuiTent on the one hand, 
or the velocity with which the vanes were drawn through the 
resisting medium on the other. Here, then, was the germ of 
an idea for a log. Attach a screw to a rod and allow it to tow 
behind a ship in- such a way that one end of the rod could — 
impelled by the screw — rotate inboard, then, assuming the 
number of turns mado by the screw in a minute to bear a definite 
relation to .the velocity of forward progression of the ship, 
nothing was easier than to design a counter, which, attached to 
the rotating rod, would show from time to time on a dial figures 
from which the speed of the ship could be calculated. This is 
the principle which has been involved in a number of inven- 
tions too numerous to particularise. Patents for improvements in 
logs were, taken out anterior to the year 1703; but as no descrip- 
tions are filed with the patents, it is impossible to say in what 
the patent consisted. In the " Philosopliical Transactions" for 
1725, however, Mr, Henry de Saumerez describes machinery for 
measuring ships' way better than the common log. This con- 
sisted of a Y-p'6ce capable of rotating un the sta-aight tail of 
the Yi the arms of which were each fitted with a vane or screw 
blade. The y was fixed to a rope and towed astern. The rope 
was caused to rotate by the action of the water on the vanes, 
and, to use Smeaton's words in describing the apparatus, " the 
value of a certain number of turns once found by experiment, 
they are easily reducible into leagues, &c. The only difficulty 
is, will the same number of turns be always made in passing 
through the same distance ?" Smeaton commenced experiment- 
ing with this apparatus in May, 1751, on the Serpentine. The 
results of his experiments led him to the conclusion that the 
velocity with which the ship moved fonvard made no material 
difference in the velocity of rotation — or, at least, that the 
difference would bo less than that arising from other causes. 
The first log was too big — being 27 in. long, and the vanes 8 in. 
long by 4 in. wide. Smeaton then constructed an improved log, 
consisting of a plate of thin sheet brass, oval, 2^ in. wide and 
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10 in. long, and delicately mounted on a spindle only 
twentieth of an inch in diameter, rotating in agate holes. V< 
ingeaiious arrangements were introduced to save this delical 
apparatus from being broken, on which it is not necessary 
dwell. With this apparatus a great number of experiments wi 
made at the Nore, from which it became apparent that the 
slower the speed of the ship the greater were the number of 
revolutions made by the log — exactly the reverse of what might 
have been expected. As an instance of the extreme irregularity 
of the results, one experiment may be cited in which the speed 
of the vessel or sailing ship was measured both by tlie common 
log and the screw log; 375 yards of log line were run out in 
periods varying from 45 seconds to 135 seconds, the revolutioi 
of the screw on the same oecaaiona being 62 to 83 seconds. Hi 
we have 62 turns made in 45 seconds, and 83 turns in 1.11 
seconds. Two screw logs, however, teste<l over a long time- 
together, gave, one, 86*716 i-evolutions, while the other made 
88"184 revolutions. On the whole Smeaton concluded that at 
modei^te speed it was possible to use a screw to repster the 
velocity of a ship with some approach to accuracy. 

In 1792, Gower patented a screw log, and several others 
followed his lead up to the year 1834, when Mr.Massey patented 
his well known log, modifieationa of which are in considerable 
favour now, especially in America, imder the general title of 
jy's patent log. In 1836 he secured another patent, a 
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third in 1844, and a fourth in 1848. As Massey's is one of the 
few screw logs which have competed successfully ■with the 
ordinary log, it may he well to notice it at some lenf^h. In one 
form it consists ot two portions, the rotator and the register. 




The first consists of i shoit length of lii^ht brass tuhe to which 
spiral vanes are soldered This rotator will neailj float m water, 
owing to the bghtnesa of the central tube The registei is simply 
a triangulai box fatted with lanes to piL^ent rotation It con- 




ttuns a train of simple wheelwork, and a set of dials on wliich 
the number of revolutions made by the rotator are recorded, in 
terms of knots and fractions of knots. The gear is so simple 
that it requires no description. An endless screw sets tlie train 
in motion, the screw being itself connected with the rotator by 
a short length of Manilla rope. In using this log the hands arc 
set at zero, and the log hove overboard, attached to a line ten or 
twenty fathoms long. The time of heaving is noted ; at the 
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end of a certain number of minutes or hours, the log is hai 
on board, and the number of knots run since it was heavei 
noted. The result divided by the time gives the speed. Tlie 
log is very different in many ways from those originally patented 
by Massey. In his first arrangement the log was anchored to 
the heel of the stern-post ; it consisted simply of a rotator drivinj 
a recording apparatus, placed inboard, by a set of turned r 
In a subsequent patent be claimed the use of electricity 
registering inboard therotationsof a log floating astern. Nothini 
would be gained by describing at length arrangements iphicl 
never came into actual use. The Massey frictionless log is 
favourably spoken of. It will be seen that in it the rotator and^ 
recorder are contmned in one. 

Another very neat speed-measuring apparatus is that knoi 
as Walker's hai'poon log. Its characteristics will be taken in 
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a glance — it is Maasey's log in a compact form, the recording 
arrangements being nearly the same. This much i-esemblaa 
Masse^s frictionless log. In Friend's log, a paddle-wheel is v 




to drive the recording apparatus instead of a screw, Othi 
forms of screw log have Been patented, but it would be ma 
waste of time to describe them, as they are all identical » 
principle. 
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It will be seen that the value of any screw log must depend 
on the uniformity with which a given number of revolutions are 
made in running a given distance, say one kn.ot, at all speeds 
likely to be attained by a ship, and under all conditions of 
weather. Tested by this rule the screw log is found wanting. 
In the first place, the number of revolutions made in traversing 
a given length of water will depend on the resistance of the 
recording gear, and the ausie at which the vanes are set — in 
other words, on the pitch; besides this, variations in the depth 
of immeraiou will affect tbe rate of rotation. Now, it is simply 
impossible that the gearing, light and small as it is, should 
always remain in perfect order, and a little neglect in the lubri- 
cation will materially increase the resistance. Very little rough 
usage will suffice to bend and distort the vanes, and render tne 
instruments quite unreliable. They are, indeed, delicate pieces 
of apparatus, and require cai'eful handling; but, apart from 
these considerations, a grand defect lies at the root of the prin- 
ciple of these screw logs. It has never yet been proved that 
precisely the same number of revolutions will be made iu 
running a given distance at all speeds, Far from this being 
the case, Smeaton's experiments already quoted, proved the 
contrary. At very higb speed and in rough weather he noticed 
that the log lie used was constantly dragged out of the water, 
flying from one wave to another acTOss the hollows. Upon the 
whole there is reason to believe that a screw log is capable of 
approximately measuring tbe speed of ships, andtlio slower the 
speed and the smoother the water the more reliable will be its 
indications ; but it must not be forgotten that at velocities of 
less than three knots an hour the indications of the screw log axe 
totally unreliable. It is no wonder, then, that the common log 
remains in favour with all shipowners, and that the use of the 
screw log is to a great extent exceptional. 

It is further to be noticed that the screw log will not show im- 
mediately what tbe speed of the ship is ; both that and the 
common log measure the velocity of the ship by the time taken 
to traverse a given distance, and time must, therefore, elapse 
between the heaving of the log and its reading before the i-ate of 
speed can be calculated. In yacht races this is very objection- 
able, and it is at all times more or less inconvenient. A log 
which would show at a glance and instantaneously, not only the 
actual speed, but eveiy variation in the speed of tbe ship with 
absolute accuracy at all speeds, would obviously possess im- 
portant advantages over ml others. With the common and 
screw log we must first measure a given distance run before we 
can determine the speed. In fact, they are not speed measurers, 
but distance measurers ; and they are more or less imperfect 
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a of distance. What is really wanted ia not a 
measurer but a speed measurer. In using the formei- ■( 
ascertain the distance run and then the speed; by using the 
latter we fix"st ascertain the speed and then tlie distance run. It 
may be asserted that these tilings are identical ; but the author 
submits that they are totally different. In the first place, all 
the distance measurers in use are inaccurate, but a speed mea- 
surer may be made which shall be absolutely accurate ; and, in 
the second place, no distance measurer can tell in a moment 
what is the effect of setting or taking in of a particular sail, or 
of trimming a ship in a particular way ; but a speed measurer 
will tell both, or either, tne moment the sail is set, or the trim 
altered. 

It now becomes the author's duty to describe apparatus by 
which speed may be measured without regard to distance run ; 
and in so doing it is his good fortune to call the attention of the 
Society to one of the most beautiful contrivances ever produced, 
to one of the most exquisite applications of a recondite law of 
natm-e to a practical purpose ever effected, to an invention 
which has successfully borne the test of over twenty years' hard 
service, to a natural pnenomeiion regarding the induced current, 
and to a yet unnoticed law of the action of that current, that 
can hardly fail to prove eminently interesting. Before describ- 
ing this apparatus it will be necessary to call attention to one or 
two facts connected mth fluid pressure. 

When a ship is advancing through the water it is evident that 
her bows are exposed to a greater pressure, due to the resistance 
of the water, than her stern. If, then, a pipe, say half an inch 
in diameter, were fitted in her hull, iu such a way that one end 
opened in the cut-water below the water-line, while the other 
was turned up towards the deck above the water-line, it is ob- 
vious that as she advanced through the sea the water contained 
in the horizontal portion of the pipe would be driven inwards, 
a,nd would rise in the vertical leg above the level of the water- 
line till it balanced by the gravity of the vertical column the 
outer pressure. It is also clear that the pressure would depend 
on and vary with the rate of progression of the ship, and that, 
as a consequence, the speed of the ship at any moment would be 
denoted by the height of the column in the vertical log of the 
tube. This constitutes " Peto's tube." Here, then, we nave all 
the elements of a perfect continuous log. One individual, whose 
name the author forgets, was, indeed, so delighted with the idea 
that he patented a log consisting of a small pipe laid along the 
keel, opening in the cut-water with a trumpet mouth, and run- 
ning aft to beneath the captam's cabin, into which it rose and 
-_j.„_i.„j J jjy ^ glass tube fixed against the bulkhead. A 
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insideration will show that this apparatus was abso- 
'3SS. In the first place, at considerable velocities, 
E water in the cabin would stand some 12 ft. higher 
:1 of the sea; and no cabins will admit of a gauge 
e range in which is anything like 12 ft. But, apart 
e water in the tube, owing to the position of the 
ised to the influence of heavy seas striking the ship's 
, force quite competent to send the water up double 
and, in the second place, as the height of the column 
ical leg would be influenced by the draught of water 
the indications of the gauge would vary from day 
. from houi" to hour, especially in steamers whose 
icreases as her coals are consumed. 
20th of December, 1849, the Reverend Edward Lyon 
patented an application of this principle, and in June 
[the year following a second improvement on it, which supplied 
^^ti naval world with an apparatus perfect in theory and practice 
^^^T measuring the speed of ships. 

^^ This apparatus consists essentially of a small tube, called a 

^^jf way" tube, passed through the keel of the ship at or about 

f^midships, for a distance of a few inches from the keel. A small 

^^apertnre is made in one aide of this tube. The tube is carried 

^ up into the captain's cabin, or any other convenient place ; there 

^ it is turned over and united to one leg of a s\-phon tune inverted, 

and containing mercury. A motion of about 13^ in. in the 

u column of water will cause a motion of about 1 in. in the eolumn of 

J mercury, and the magnitude of the gauge range la thus brought 

within reasonable limits. When the ship goes ahead the watcB 

forces its way into the tube, and affects the gauge, marking the 

speed of the ship as before explained; and this ari'angement 

has these two advantages over the first described — that the 

gauge is brought down to a reasonable length, and that the 

waves do not mterfere with its action ; but it is still open to 

the defect that it is affected by the draught of water and the 

rolling of the ship. 

The foregoing desenption conveys nothing more than a popular 
idea of Beitlion's log in its crudest form. In this shape it was 
fitted to a fast Channel steamer, and made the subject of a vast 
number of expei-iraents. Let us see with what result. The 
first thing to be done was to eliminate the influence of the ship's I 

draught. Now it oceurrcd to Mr. Berthon that if, the aper- 
ture m the pipe being turned ahead, pressure was exerted on 
the column of water within, which made it rise, by turning the ijj 

aperture astern there would be a negative pressure, and the IJj 

column would fall. Then between these two positions must lie I 

j^some negative position in which the column would neither rise ^^J 
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nor fall. If, then, the "way" pipii was so fitted that it could 
rotate on its axis, by turning it tiU the side aperture was in the 
neutral position, the precise draught of the ship would he shown 
inside. The index or scale woidd be set to this, and then on the 
pipe being returned to bring the side aperture ahead, a correct 
reading would be at once obtained of the speed of ship, Mr. 
Berthou very naturally concluded that the neutral position would 
be that in which the aperture was tui-ned exactly at right angles 
to the keel of the ship ; how far this was verified by experiment 
we shall see presently. 

Before going further it 
will be necessary to investi- 
gate the mathematical prin- 
ciples which regulate the 
ascent of the water in the 
tube. Let A B in the 
diagram represent a tube, 
open at the top and closed 
below, with an aperture at 
B, near the lower end, and 
plunged into a fluid of which 
the smface is C D. Wlien 
at rest the Butd, disregarding 
capillary attraction, will stand 
at the same height, C D, 
within the tube. But if the 
tube be moved forward in 
the direction of the ai'row 
the fluid will rise to the same 
height E, such that the co- 
lumn E C D becomes the 
measure of thevelocity. Let^ 
be this column. Then taking 
the value of h from the well- 
known forraidie, V=*i/2 g h, 

V- 
and h = - — ; and in prac- 

Otice this law is found to apply 
with strict accuracy. Done 
into a simple rule, the height 
of the coliunn of water in 
the tube above the level of 
the fluid in which its lower 
end is immersed will always equal the square of the velocity of 
the sliip in feet per second, divided by 64. Thus let us suppose 
that a vessel is moving at the rate of 10 ft. in a second, or nearly 
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en knots an hour, we find that the column would stand 4 ft. 
above the level of the sea outside the ship, for 16 x 10 H- 64=4. 
If the ship move at twice this velocity tne column would have 
a height of 16 ft. for 32 x 32—64 = 16. In the same way, by 
multiplying the height of the column by 64, and extracting the 
square root of the productj we get the speed. The author feels 
that he almost owes his hearers an apology for putting such 
well-known formulEe into words. His excuse is that it serves 
to impress facts on the memoiy which are otherwise likely to 
be forgotten when conveyed in a single statement heard, not 
read, once. 

Mr. BerthoD, in his endeavonr to ascertain the neutral posi- 
tion for the aperture in his way tube before refeired to, unex- 
pectedly obtained some very startling results, and these results, 
invariably repeating themselves through some thousands of ex- 
periments, established the following law which has never been 
stated in any text-book of natural philosophy, and deserves the 
serious attention of all those interested in the action of induced 
currents. The law may he briefly stated thus : — 

Let the circles a, b, c, d, denote different positions of the 
apertui'e in the way tube, and assume the speecl to be ten knots 
an hour. Then in a, A=4in. of mercury; in S, A=2 in. of mer- 
cury; in c, h=&m.; and in d, A=0, or zero. 

In other words, with the aperture directly ahead the column 
of mercury actuated by the column of water stands 4 in. above 
zero. When the aperture is turned directly astern the column 
of mercury falls 2 in. below zero, or 6 in. lower than when the 
tube is in the first position. When the aperture is turned to the 
side, that is to say, into just the position where we would expect 
to find the motion of the ship powerless to affect the height of 
the column of mercury, there is absolutely the maximum effect 
produced, the column being lowered not less than 6 in. below 
zero, or 10 in. lower than when the aperture is right ahead. 
But the most extraordinary circumstance of all is that the zero 
angle is apparently constant for all circular tubes, and all shapes 
of aperture and all speeds, being invai'iably 41° 30'. 

Once in possession of these important facts, Mr. Bertbon lost no 
time in turnuig them to account. It was evident that by using 
two tubes — one always in the neutral position, and the other wi^ 
the aperture pointing right ahead — it would become possible to 
eliminate the influence of the ship's draught altogether. The 
diagram shows the arrangement most convenient in practice, 
with this difference — that the two tubes A B are here shown for 
the sake of clearness removed to some distance from each other, 
whereas in practice they ai-c placed close to each other, forming one 
Q2 
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compoand tube, as in the engraving of the complete log ; A and B 
are two air vessels, into which the water, on filling the instru- 
ment, is allowed to rise half way. Above the air vessels are air 
tubes, communicating, as shown, with an inverted syphon half 
filled with mercury. Now, it is obvious that this arrangement 
is absolutely independent of draught, for suppose the ship to be 
suddenly simk ten feet deeper than she was the moment before, 
the water rises to^the same height in A and B, compressing the 
air in the chambers, and above the mercury, indeed ; but the 
pressure on the surface of the mercury in each leg will remain 
identical. All forces, indeed, except that dependent on the 
resistance due to horizontal motion, act equally upon both sides 
of the column of mercury. But the aperture in A is turned 
forward, while that of B is placed in the zero position 41° 30'. 
Let us call all the disturbing forces statical and lump them 
together by a great S, and the force due to the ship's motion 
forward "dynamical D;" then we have S both in A and B, 
and B exerting an equal force at all times ; but when the ship 
moves ahead we have in A, S + D? but in B we have only S + 0, 
therefore the mercury will rise in one leg and fall in the other, 
as already explained. 

The mode of fitting this log to a ship is exceedingly simple. A 
small hole is bored through the keel, or near it ; this is lined 
with a brass tube having at the top a stop-cock and a small 
stuffing-box. The way tube of the log is passed through the 
stuffing-box, which is made water-tight around it, the stop-cock 
meanwhile remaining shut. As soon as the stuffing-box is all 
right the plug is turned, and the way tube passed down through 
the aperture in the plug till it projects 7 in. or 8 in. below the 
ship's bottom. A couple of composition tubes are then laid 
along the sides of the snip, like gas pipes, to the cabin, &c., and 
connected by small pieces of flexible pipe to the mercury gauge, 
hung in gimbals like a barometer, and occupying no more room. 
On this the speed of the ship can be read at any moment. 
Should the projecting end of the way tube be broken off, it 
can be repaired again in ten minutes at a cost of a couple of 
shillings, without admitting a single drop of water into the ship. 
In practice the holes in the way tubes are made very small, 
and the tubes themselves filled with sponge to exclude sand 
and dirt. 

The author has now brought before this Society nearly all the 
information he thinks worth recording about logs. If the sub- 
ject is deemed sufficiently interesting to evoke a good discussion 
he will rest well content with his labours. 
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The Reverend Mr. Beethon said with regard to the very i 
curious results obtained by placing the aperture of the tube in I 
different positions, some of the most remarkable circumstances I 
occurred at sea in the South-Weateru steamer Courier. On 1 
one occasion he inserted a tube of considerable size in the ship's 
bottom through which it protruded about 8 in. There were a 
few tons of bilge water in the bottom of the ship, and this tubs [ 
sucked all the water out. Ships might therefore be cleared of 1 
water in that way if only sufficient speed could be obtained. 
Several objections were oroi^ht against his log. It was said 
that the temperature would affict it, but it did not, for there wei'e 
two air vessels, and whatever expansion of air there might be ' 
from temperature in the one, was met exactly by the same ex- 
pansion in the other. The inclination of the ship would afifect 
the log were it only single, hut inasmucli as there were two tubes 
acting together, that daaturbiug cause was equally eliminated, 
and as the mercurial equivalent for the column of water was 
swung on a gimbal there was nothing to interfere with the true 
vertical column, which was the trae indicator of speed. He (Mr. 
Eerthon) might further mention that when a smp was making 
any leeway, the apparatus pointed it out most exactly ; because 
if the aperture was turned towards the ship's bow in the direction 
of the keel, and if she was moving precisely in that direction, the 
mercury in the indicator would be seen standing at the highest 
point J but if the ship drifted a little to leeward, the tube was 
tm-ned a little on to ner port bow, and the mercury went up 
imtil the line of motion was arrived at, and the index pointed ' 
out exactly what the leeway was. 

Admh'al Halstead said an olBcer in command of a ship 
ought to know what that ship was capable of doing, but with- 
out the log and the accompanying index it was not possible to 
know whether the ship was doing the utmost of which she was 
capable or not. With the log, however, a perfect and accu- 
rate result was obtained. The matter depended upon the ' 
recognition of the indications which the log gave by showing 
.in increased or retarded action duo to the variations of trim. 
By those means variations of trim were ascertained, and thus by 
very simple means the ship's best trim was ultimately aiTived at. 
In the Dauntless, whether at high or low draught, whether 
steaming or saihng only, or steaming and sailing together, the 
trim of the ship was always settled, not as a question of mere 
observation, but as a matter of absolute fact, ascertained by the 
Recording histrument. There was at ^t a difference between J 
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the action of the log when the vessel was under steam and when 
she was under sail. What was true under sail became false 
under steam, for the log appeared to be affected by the currents 
by which the screw was supplied with its water, the log being 
placed aft in the ship about 40 feet in advance of the screw, 
rhe ship was evidently interfered with by the action of the screw 
in drawing its supply of water. The result of that was that 
when the ship came into harbour everything was put forward 
18 inches, and there was then no alteration, whether the ship 
was under sail or steam. 
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December 20t/i, 1869. 

F. W. BRYANT, President, in the Chair. 

APPAEATUS FOR MEASURING THE VELOCITY 

OF SHIPS. 

ADJOURNED DISCUSSION. 

Mr. Olrick opened the discussion by observing that when 
the cohimn was in the position in the tube, shown by the draw- 
ing, it altered exactly as the square of the velocity of the speed 
with which it passed through. Therefore, if the height of the 
column of mercury was four inches, that would equalfour feet 
of water, which would equal 16 feet velocity, or 12 miles an 
hour. The reason why the water — as mentioned at the previous 
meeting — ^instead of being forced up the tube, was drawn down 
it to minus two inches compared with the zero point, doubtless was 
because there was a convergence of the two streams which came 
close behind the tube, and the two consequently formed an 
induced current which would draw the water out of the tube. 

Mr. Cargill said he understood it to have been stated at the 
last meeting that the apparatus gave no indication of a current — 
that was to say, a positive indication of it — but that negatively 
it could be inferred that there was a current. The apparatus 
showed when the ship drifted to leeward, and if the leeway was 
produced by a current, consequently, by inference, the existence 
of a current would be proved. It occurred to him that if a 
ship was sailing with a current in its own direction, it was quite 
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evident that althougli a speed would be indicated it ivould not 
be the actual speed of the ship. Moreover, if there was a 
correiit in the opposite direction it would afford no evidence of 
the actual speed of the ship in eatm water. It would there- 
fore appear that the apparatus did not suit all purposes. 

Mr. EiGQ said that ne had made a diagram which he thought 
would show several points connected with the subject of the 

fapcr just read. Two kinds of apparatus had been brought 
orward — the log and the clitograph. One principle was common 
to both those contrivances, uamely, the method of altering the 
range of the indicating column. In the log a very variable 
column was reduced into moderate dimensions by taking ad- 
vantage of the high specific gravity of mercury, and in the 
clitograph a minute difference in the mercury column was 
magnified by reversing the same ingenious process. 

Considering the many purposes tor which that description of 
log might bo used, it seemed remarkable that it should have met 
with such very limited adoption. For example, it might be very 
serviceable, not only for ascertaining the velocity of a ship 
relatively to tlie water in which it moved, but for measuring the 
skin resistances by placing the orifices at different distances from 
the hull of the snip white its velocity remained unchanged. It 
would be interesting to know if any such esperiment had been 
made, for it seemed almost to suggest itself naturally. The 
question of currents driven backwards by the screw possessed 
equal interest with that of the currents drawn forward by the 
ship, and he had tried many experiments to ascertain the direc- 
tion and pressure of those reverse currents. In his experiments 
a kind ot vane was used, but such an arrangement as the log 
described in Mr. Pendred's paper would have been mora con- 
venient in some respects, and perhaps more accurate. 

The original form of the appai-atus was 
the Pcto tube, as shown in Fig, 1. It was 
used to ascertain tlie velocity of river cur- 
rents, and was the means of proving the 
important fact that the current ran more 
qmckly at the surface than at any other 
part of the stream. That was quite opposed 
~~— to the previous theories on the subject. 

'"' ■ The elevation of 2J inches in the tube, 

hown in Fig. 1, represented a velocity of one foot per second 
the stream, Several experiments were made with those 
es to asce*'' * " *iie prcssm'e of currents against the edges of 
id bodi ferent thicknesses. The experiments were 

ide b' at, and the prisms used wefe each 12"8 in. 
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square, but of different thicknesses. The first, A, Fig. 2, being 
3 in. thick, B, Fig; 3, a cube, 12-8 in. thick, and C, Fig. 4, a 




priani 3 times the length of the base, 38'4 in, long. In all cases 
the velocity of the current was 38-18 in. per second, and it was 
found that the pressure upon the anterior faces was always 
equivalent to a head of 14-28 in., and 625 trials were made to 
prove that. On the posterior side the pressures were very dif- 
ferent, averaging as follows : 

A. Flat plate, mean pressure — 8-04 in. 

B. Cube „ „ „ = 3'24 „ 

C. Prism „ „ ., = 1-80 „ 

These experiments seemed to prove that the form of tube would 
have considerable influence on the pressures of the currents, and 
might also affect the neutral point. 

riie circular form of tube would be almost that shape which 
offered the least resistance to water, as in the piers of bridges. 
The ellipse, shewn in Fig, 5, was the true form for least resist- 
ance ; but bridge piers were generally made like Fig. 6. It 




was a singular and somewhat unexpected circumstance, that 
the angle at which neither pressure nor vacuum existed should 
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be 41J'' to tlie direction 
of travel, A B (Figs. 7 
and^.) Some light might 
be thrown on the subject 
by considering that in 
passing through tlie water 
the tube separated two 
streams, as M F and M G, 
wliich were driven asunder 
with sufficient force to 
[J re vent their clinging 
closely round the tube, 
and so at rigiit angles to 
the line of direction, A B, 
namely, at (c) and (d) the 
currents were still passing 
away from the tuoe and 
naturally forming a partial 
vacuum. The point of no 
pressure would be that 
where the currents passed 
at right angles to the tube, 
so that orifices at those 
(wints neither indicated a 
pressure entering nor a 
current leaving, and expe- 
riment had shown 41^ to 
be such a point. It was 
another singular discovery 
that the vacuum should be 
greater at the sides (c) 
and id) than at (6) behind, 
but that might be caused 
by the strength of the in- 
duced current away from 
the tube (or the minus 
pressure) remaining equal 
to that on the forward 
part of the tube (or the 
plus pressure), but acting, 
of course, in an opposite 
manner upon the water 
column inside the tube. 
That, added to the na- 
tural vacuum 2, would 
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{^ive the ascertained vacuum of 6 at the sides of the 
tube. 

Mr, Pendeed observed that there wa3 a remarkable corre- 
spondence in a!l the figures on the diagram. There was 2, 4, 6, 
and he would ask why should those precise relations hold to one 
another ? It was not a question of tneorj. With regard to the 
tube he had only stated the results of practice exteuding 
over twenty years, and embracing some 20,000 experiments. 
For several years the Bcrthon log had been fitted on to one of the 
Channel steamei-s, the Courier, running from Southampton, 
and every possible arrangement of the log was tested. No 
difference was ever made in the form of the tiibe, because it 
was necessaiT that it should revolve, and an oval tube would not 
turn round in a stuffing box. The results held good for all 
speeds, from the lowest speed at which it was possible to propel 
a steamer — keeping steerage way on lier at all — to the highest 
speed that could be got. That was to say, it held good within 
all reasonable limits, from two knots an hour up to sixteen knots 
an hour. 

Mr. Bernays said that in his opinion there was no better 
instrument for measuring the speed of ships in water than the 
Berthon log. But in order to obtain tlie distances traversed 
by ships, it would be necessary to make the instrument self- 
registering. As it was at present no distance could be calcu- 
lated with any degree of ceitainty. The speed of a vessel was 
shown at any particular moment, but unless the instrument was 
continuously watched, it was impossible to reckon liow far the 
vessel had travelled. The Berthon log was a verj' beautiful 
appai-atus, because it involved a very simple law of nature, viz^ 
the height varying as the square of the speed. It was, how- 
over, strange that in the first place the neutral point should 
always be at the same angle, and also that the two speeds — the 
minus and the plus speed — should always be in that exact pro- 
portion to each other. 

Mr. Cakgill said that, assuming a different shaped tube or 
aperture was used to that at present employed, and that it 
showed a greater speed made by the ship, which then would 
be the true speed, or how would such a point he determined? 

Mr. Behnats said he did not think an alteration in the shape 
would make any difference, because the point of the tube would 
always be at the same height, and the neutral pointwould there- 
fore remain the same, so that the difference would always be the 
same. 

Mr. Copland said there was another element in the con- 
struction of the apparatus that might alter the result very 
materially. The tube in the diagram was of a certain diameter ; 
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the aperture at the side was also ui a certain position, and bad n 
certain definite area, and he should say that the relation whicJi 
the area of that aperture at the side bore to the total area of the 
tnbe would very materially influence the mode in which it would 
act, and for the following reasons : — First, the aperture would not 
only bo larger when at right angles to the course of the vessel, 
but when tlie aperture was set at the angle 41° 30', the centi-a 
only of the aperture would hear that relation to the centre line 
of the tube, but the edges of the aperture would be at a different 
degree; therefore, the results would be rather different from 
those given by a larger aperture. 

Mr. RiGG said that he had brought forward the experiments 
made with square, cubical, and prismatic bodies to show forms 
other than circular would probably give different results, so far 
as the pressure vacuum and neutral point were concerned, and 
even the length of tube affeeted those questions very gi-eatly. 
The pressure in front might be indicate([ by the plus, and the 
vacuum behind by a minus sign. The front pressmre of the 
current, when reflected from the surface of the tube and driven 
off from it, would become minus, and be added to the minus 
already existing at the side and behind, thus giving a vacuum of I 
— 6 at the side and —2 behind. 1 

Mr. Henwood said he did not think anything but the round 1 
form of tube would answer. The orifices would uot answer as 
well in any differently shaped tube. It had been found by ex- 
periments that when the orifice was turned directly ahead it j 
represented four inches of mercury. When it was turned the I 
opposite way, and was pointing aft, the column of mercury went ] 
down somewhat, which was perhaps represented by a minus 
quantity of two, found to he midway between the two. In the 
same way different angles might he foimd. For instance, if it was 
put at an angle of 45 astern, no doiibt It would he minus 4, and 
at the angle of 45° forward it wouhl be a somewhat minus 
quantity. The neutral point represented by zero at the angle of i 
41° 30' had been determined by experiments ; and it was easy to I 
understand that the current impinged on the fore and aft line of 1 
the keel and each portion of the current bore off against it, so 
that it resulted in neutral action on the point of the tube at that 
angle. He thought that if a tube a foot in diameter were used, I 
instead of one ^ an inch or -| inch, there would not be the least | 
difference in the speed of the ship. He did not think the size of I 
the orifice would nave the least effect, whether large or small, ] 
because the gauge was in the column of mercury. He did not 1 
think the Berthon log was an apparatus for indicating the rate of j 
the current ; it showed when the ship was going through that ! 
current wliat the strength of that cui'rent was, and what extr^ J 
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resistance the ship had to meetj but it could not indicate tlie 
speed of the current, as the ship generally went faster than the 
cuiTent. 

Mr. Pendeed in reply said, Mr. Olrick's explanation of the 
nature of the currents, and his reason why 41° 30' should 
be a neutral point, were not satisfactory. As he understood 
Mr. Olricfe, and Mr. Kigg also, their explauations were prac- 
tically identical, and were to the effect that a current was set 
up by the tube splitting the water, that current being pre- 
cisely at right angles to the apertures, which current effectually 
shut off the water within the tube from the water outside. It 
appeared to liim (Mr. Pendred) that it was totally opposed to all 
the known laws of induced currents, in fact, so far from what 
Mr. Kigg and Mr. Olrick stated being the case, if a tube was 
immersed in a vessel of water, and if a current of air was 
blown directly across it, from another tube, the water in the 
first tube would be raised. Hia (Mr. Pendred's) explanation 
of what took place was totally different, and it was, that no 
such current was set up at that point of the tube at all. His 
theory was that a current might be established against the tube 
at rest, or the tube might be moved through the water at rest. 
According to Mr. Eigg s explanation there was a direct impinge- 
ment of particles oflvater on the surface of the tube. No 
doubt there was such a current set up as that which Mr. Eigg 
had shown, but he (Mr. Pendred) believed that that begau in the 
first place, with the mere tlun skin of the particles, and that 
they really did not get the orifice up to that point, but much 
further back in the tube than was previously shown. There 
was then a direct impingement of water at the surface of the 
tube which would set up a direct pressure, but, as the orifice 
was brought further round the tube, taking tlie angle directly in 
front, part of the body of water would turn off. That would 
set up an induced current on the water within the tube ; and 
there would then be two contending forces ; one would be the 
direction given to the water on the forward side of the aperture, 
and the other, that on the after side, tending to draw the water 
out of the tube. That was his theory, and if it was a correct 
one, the size of the aperture would exeit a very remarkable 
influence on the height of the column ; but in practice it had 
been found that within reasonable limits the size of the aperture 
had no influence whatever on the log. No exiieriments, that he 
was acquainted with, had been tried with any other form of 
tube but the circular, for reasons_ which Mr. Henwood had ex- 
plained. The log was not constructed as a philosophical instru- 
ment for experiments, but it was a practical apparatus for 
measuring the speed of ships, and all the residts that liad been 
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obtained Iiad been obtained by actual use. With reference to 
the question of indicating leeway which had been rmed, he 
would explain that when a ship had leeway her motion was the 
resultant of two forces. Suppose the ship had the wind blowing 
right on her beam, that wind giving her true leeway, and she 
had her own propellina machinery driving her ahead, so long 
as the ship was moving directly parallel with her keel she had no 
leeway. Under such circumstances, the log, in its proper 
position for measuring the true speed of the ship, would be 
directly in the centre, and then the liole in the side of the tube 
wasat41°30'; but the moment the ship got leeway on, that was, 
when she no longer moved in the line on her keel, that would 
be a different angle, and then the log would fall. The angle had 
then to be turned again, to get the highest point, and that would 
be foiand on the dial so many degrees out of her centre ; there- 
fore it was known that the ship was no longer moving in the 
direct line of her keel. Perhaps the difficulty about ascertaining 
leeway would not have arisen if he had stated one point whicli 
he had omitted in order to avoid confusion, but to which he 
would now refer. On the log, as it had been fitted in several 
vessels, a large vane was attached at the back of the tube, so 
that in practice, the ship, when moving ahead, always kept the 
way tube turned to the proper position, and in fact, instead of 
regulating the hand, the hand regulated itself, and by inspecting 
the dial, it was known whether the ship was moving in the exact 
line of keel or not. This aiTangement, however, somewhat com- 
plicated the apparatus, besides which, the tube could not be 
replaced without the ship being put into dock, whereas without 
the vane the tube could be replaced easily at any time. With 
regard to the use of the log for registering, Mr. Berlhon had a 
metliod by which the log perfectly registered itself. That was 
effected by photographing on a paper a register of the indications 
of the tube. 
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